General Loss Estimation for Natural Hazards

GENERAL METHODOLOGY

For this 2014 update, the general loss estimatibles for Michigan counties for flooding, tornadotiginderstorm hazards, winter storms, subsiderwastal erosion, and
earthquakes were predominantly developed usingfaatathe National Climatic Data Center. The fd@t NCDC is based on actual damaging events réthertheoretical
estimates was a primary reason to shift to usirggburce, as well as its relative ease of useaaltitbritative source. Previous MHMP editions hadmapted to begin with
census data describing all households, and thenatstaverage damage amounts from derived areaéiney information across Michigan. This was coasd to be a less
valid method than making use of nearly 20 yeamsveht data, now available in NCDC for many nathedards. Updated census data regarding each &opopulation was
used, however, to provide an additional remindet tife safety is a primary concern, even thoughk thitachment is meant to meet one of the planmewuirements by
estimating losses, in terms of quantitative damagde®rmation on life safety information can baufal in the NCDC-derived summary tables in the tthaaalysis sections
of this plan. The newest census information frdifi®was used, along with NCDC searches from e@iyl 2which provided data on events as recent asb@ct2013.

The primary data source for hazard occurrencesardrd related damages was the National Climatia Banter (NCDC) Storm Data for Michigan. The NCBt©rm Data
provided frequency and damage data for the follgwiazards: tornadoes, several kinds of strong amdrs winds (which were combined together for #rialysis), hail,
lightning, snowstorms, ice/sleet storms, floodiagd wildfires. Although the type of informationclnded in this data source has changed over thes yaad tends to now
include a lot of routine, non-emergency situatisash as precipitation), this change seems to hesudted in a more consistent and thorough tallgrofual events. These
data were totaled for each county, similar hazavdse summed together, and the total number of eweat divided by the total time period to providtireates of the
historical probability of each hazard event perryea well as the average/expected levels of darfrage each hazard per year. These recent histcstatistics were
considered to be an appropriate means of estim#timduture probability of hazard occurrences, haavethis Attachment provides an extra type of wsialbeyond that
presented in the main hazard analysis sectionsillashortly be explained. For flooding, insteafifocusing upon the reported number of flood proe&dential units in each
county as per the National Flood Insurance ProgifdfiP) Community Information System (CIS) databdsstead used the same procedure as the otherdsaZar the
current 2014 update.

A new feature in this update is the use of “smodttiata” for all of the above listed hazards exdeptflooding. All these natural hazards, except flooding due to its
tendency to predominantly affect low-lying areaslobdplains and specific weak-spots in urban drigssystems, have a wide-ranging potential ar@apzct. The fact that
the historical data, although fairly extensive edaback no more than 20 years from this sourcenntleat for less frequent hazards, such as toradoeincorrect impression
of the actual risks of damage might be obtainedidigig only the raw data alone. After all, if owenado strikes a particular area of the state onlye every 20 years in a
damaging fashion, the fact that it had most regesttturred in one specific county does not meanttierisks for adjacent counties should be comsitleegligible. Rather,
a means was need to allow the actual impacts toraflect upon the general area where they cowdtl g8 easily have struck, rather than just theifipercea that they
happened by chance to affect most recently. Tbeegglure for adjusting the data, or “smoothing”dtcess adjacent counties, was to first use the raigiata as already
presented in the tables throughout the hazard sisadgctions of this plan, and to replace eachtgtumformation with an average of the statistios itself plus all of its
contiguous counties. This was accomplished thrahghuse of Geographic Information Systems, andpedmutput has also been provided in this Attachpfen easy
statewide comparisons. (Detailed comparisons caterase of the tabular, numeric data.) Two iteratiof “smoothing” were performed on seven nathealards, so that the
areas fairly proximate to (i.e. up to two counti@gy) some previous damaging event would be gieenzero risk and loss estimates.

Although subsidence and high risk erosion evera tials been rather limited at all levels of analysisvious editions of this plan had still consateit valid to attempt
somewhat accurate estimates of potential lossessidential structures in identified subsidence laigth risk erosion areas. For this updated plamJack of overall risk from
these hazards, and the lack of a convenient proeddiassess what limited data has been obtaineahsrthat there is little meaningful expansion taat be made upon the
information already provided in those sectionshaf hazard analysis, in the main body of this doecumérecent subsidence events data makes cleaththéitazard rarely
causes much damage, and the knowledge of whichnegif the state had been appealing to extraatidusiries does not narrow or define the risks ehdagroduce a valid
analysis. Although high risk erosion areas mayrioee calculable with available information, thenpairy data source currently available was the sébwihship-level high
risk erosion zone maps provided by the MDEQ andrilesd in the Great Lakes Shoreline Hazards sedfadhe Hazards Analysis, in this plan. Yet, th&tdry of actual
hazard events shows very limited long-term effé@m this hazard.Most of the natural hazards have already had theicounty loss estimates provided in the new, two-
page tables found in the appropriate hazard analysisections. Attachment A supplements these tabletere additional analysis was felt to be possiblend valid.
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SMOOTHED DATA

Due to the fairly short timeframe of historical oeds from the NCDC data for Michigan (January 1998ctober 2013), some counties that have knows figkn tornadoes,
severe wind, hail, lightning, snowstorms, ice/skeatnts, and wildfires technically did not haveorgled events or damages. To avoid giving the isgio@ of zero risk in
these counties, the data was smoothed (twice) attampt to represent a more realistic picturexpieted risk. This was accomplished by averagstignated losses across
each county and its contiguous neighbors, in ordelistribute individual county losses more validigross a regional area. The data was smooth&atdling the expected
annual losses in a county with those from its agljaicounties, dividing by the total number of céemto find an average, and then assigning thabgeevalue to the central
county in a new list (an “iteration”). After thigocess was applied once for the entire state;dtoeilations were then performed a second timeéadnd iteration”) using the
averaged values from the first run. In the logsmegion tables that follow in this section for nadoes, severe wind, hail, lightning, snowstorros/sieet events, and
wildfires, the smoothed data results (after tweaitiens) appear in the far right hand column focheaounty. Additionally, the maps that follow eaelble represent the
estimated annual risk for that hazard based osrimthed data. Geographic Information Systems wszd by MSP specialists, for this process.

RELATIVE RISK

The “Relative Risk” column displays risk categorteat have been derived for Michigan’'s natural hdzavhich have been able to be analyzed in terntheif property
impacts. (Hazards such as extreme temperaturdshvgihedominantly affect people, are describedr/atéfhe categories are based upon the estimatedabexpected
damages for each county, in a way that makes gesmmgparisons across different hazard types. TélatRe Risk is based on the expected annual Idssesthe smoothed
data (except for flooding, which did not use a sthio@ process). The relative risk categories hezefore based upon the amounts that were caldulathis risk analysis
and displayed in the tables for each hazard. Ttatsgories are the following ones:

HIGH RISK - the expected annual losses are $20000ore.

MEDIUM RISK — the expected annual losses are betvi&000 and $199,999.

LOW RISK — the expected annual losses are less86400.

Methods for Broadly Analyzing the Impacts of Naturd Hazards upon Michigan Counties

FLOODING

Loss estimates for flooding were tabulated using fflem the NCDC. The total number of flood evamgsorted from January 1996 through October 2018didded by the
number of years in the reporting period (17.83)establish the annual number of flood events thaheounty has had (called “Expected Annual EvéntFhen, the total
dollar amount of property damage (including cromeges) was divided by the total number of eventsatoulate the average damage per event for eagfityco The per
event damage amount was then multiplied by the murnbexpected annual events to produce the “Erple&hnual Losses” amount for each county. No anjasts were
made for inflation in the data for damage amouatsl Michigan total amounts were obtained separditelm the NCDC source, and calculated separatelgaise NCDC
often includes multi-county events that involvedisk of being double-counted and thus inflating #etual damages if they had been totaled withisdh@bles. No
“smoothing” process was applied to the flood hazab&cause flooding generally affects specifiasilocations, rather than randomly striking jusyahere (or everywhere)
in the state, as so many of Michigan’s weather itezean.

For an example of how flood losses were estimatedsider the data for Allegan County, which hads@éh events over a 17.83 year period. This averalgeut 1.91 events
per year, and the average amount of damage pet e2sn$837,500 (calculated by dividing the totaindges of $28,475,000 by 34 events). So the estth@dmages per
year comes out to ~1.91 x $837,500 = $1,597,027.
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SPECIAL NOTE: The 2014 edition of the MHMP used hewollected sets of data. In addition to new UC&nsus information, a revamped online databa#igedflational
Climatic Data Center was consulted. Rather thanseethe method of flood analysis that had beerepitein the 2011 edition, which used CIS survey datd censu
information to assess the number_of residentiasunithe flood plan, this plan uses NCDC data alastual past damages in each county to estimateuérall impacts
the flood hazard. The decennial U.S. census opfilation and housing, and thus contains no inddion about the many types of non-residential stines located i
Michigan’s communities (and floodplains). The wdeNCDC data therefore allows a full range of flaogpacts to be included in the estimates of flois{,rbased upo
actual past events.

In the case of state facilities, the newest avéléibt of facilities was compared with the locatiof floodplains, to produce a small list of faiiés that have flood risks dye
to their location in or near known floodplain areaghose facilities had their losses estimatedvo ways—one by using a 1% annual chance of floqdimgjtiplied by a
standard flood damage estimation table (origind#lyived from FEMA 386-2, page 4-13, since the valokthese properties were known or calculatedh@nconfidentia
section of this Attachment). The other method waapply the estimated expected flood damage amaaitulated on a county-by-county basis, as had dene for al
the other significant natural hazards for whichesfacility loss estimates were calculated.

=]

TORNADOES

All of Michigan’s counties were considered to berisk from tornado damages. The risks for eacmtowere calculated from historic data providedthg NCDC in a
manner similar (at first) to the technique usedrnalyze annual flood risks. The total number ofidadoes reported from January 1996 through Oct2®@&8 was divided by
the number of years in the reporting period (17.88kstablish the annual number of tornadoesehelh county has had (called “Expected Annual EVeniBhen, the total
dollar amount of property damage (including cromeges) was divided by the total number of eventsatoulate the average damage per event for eagfityco The per
event damage amount was then multiplied by the murabexpected annual events to produce the “Erpeghnual Losses” amount for each county. No ddjasts were
made for inflation in the data for damage amoulniss,a data smoothing process (see page 640) wasiffeel so that the results of the 17.83-year evistdry would better
generalize to the longer-term, by having tornadmaiges in nearby counties included in an averagimngegss that adjusted the raw tornado damage vétoesgh two
iterations, so that places up to two counties afmay a damaging tornado would not have their rigkssented as “zero” due merely to the limited histd period under
consideration. In the summary table on page 6thénmain body of this plan, adjustments were madth¢ casualty reports, so that the large-scaleahuimpacts of
Michigan’s most serious tornado events (1953 arGb)l@ould be included in the analysis, rather thisk underestimating the potential for the worshsmoes to again cause
such harm (as had been seen in Joplin, MO so tgkent

For an example of how tornado losses were estimatatider the data for Allegan County, which hadrmadoes over a 17.83 year period. This averalgest 0.39 events
per year, and the average amount of damage pet wesr$228,857 (calculated by dividing the totahdges of $1,602,000 by 7 events). So the estinttethges per year
comes out to ~0.39 x $228,857 = $89,849. Aftertthhaado impacts of nearby counties were includethe assessment of risks, through two iteratidrthe smoothing
process, Allegan County’s risks were estimatedet@ Ibit higher, at $125,334. A place such as Agmunty, which would have been assessed as $O0magkss if only the
original raw data had been used, instead was dstihas having $12,407 in expected annual tornaskes—considered far more accurate than a figuténtipgied zero risk.
Not all counties had their estimated risks incrdalsg this smoothing process. For example, Cass@duad its estimated annual damages decreaseresuld of the
smoothing process, as it might appear that it mdrausual amount of tornado damage in the periegred by NCDC, purely by chance. However, theeslshow both
figures, side by side, so that readers, analysts]acal planners and emergency managers may chduskever they decide to best represent theirl losks (or some value
between the two presented here).

SEVERE WINDS, HAIL, LIGHTNING, SNOWSTORMS, ICE/SLEE T STORMS, AND WILDFIRES

These additional six natural hazards shared withattoes the characteristic of potentially beingedblaffect any county in Michigan (although witifferent probabilities of
doing so). Therefore, their data were assessédeirsame manner as that for tornadoes (describegepbincluding a smoothing process. However,esinc gargantuan
events for these hazards have occurred that comytirehe high-casualty F5 tornado events (not mtise included in the NCDC event history period), adjustment was
made in the summary table on page 68—the estimaesinstead carried forward from the calculatibased on NCDC sources.

EXTREME TEMPERATURES
Although extreme temperatures had already beersssdén terms of their impacts upon human life, thiedt limited impacts upon property, in the hazandlysis subsection
dedicated to them, some additional analysis has beduded in this Attachment, where more spacddcbe used without severely interrupting the flofrtlee main text’s
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narrative analysis. Tables are provided herewte thie average number of days with temperaturesib@?F and temperatures above 90°F, using a 30Miehigan data set
from the Midwestern Regional Climatic Center. Rhsa the number of days of the extreme temperatthiesproportion of those days in a year annualg walculated by
dividing each county’s number into 365.4 (daysymar). For instance, an average of 55.1 daystoémme cold temperatures for Iron County = 15.1%hefyear (the county
will continue to annually experience this many dafgxtreme cold temperatures). Further, a “RedaRisk” category of high, medium or low was deted based on the
number of days of the extreme cold and hot tempezatfor each county. An equal interval of appmately 28 counties was used to separate the tiskeeategories
amongst the 83 counties. For extreme hot tempegtuOW RISK = those counties experiencing 0 -agsdf temperatures above 90°F; MEDIUM RISK = 54 days of

temperatures above 90°F; and HIGH RISK = 9.1 oremttatys of temperatures above 90°F. For extrenteteaiperatures, LOW RISK = those counties expeinengd — 9.9

days below 0°F; MEDIUM RISK = 10 — 18.9 days bel6%; and HIGH RISK = 19 or more days below 0°F.e3é risk categories, unlike all those used forhiheards

described above, are not based upon physical danaagetherefore are not directly comparable wiéhdtiner hazards.

SUBSIDENCE, SHORELINE HAZARDS, AND EARTHQUAKES

These three types of hazards were assessed inibeiidual chapters of the hazard analysis seciiothe main body of this plan. These are hazavbese history
demonstrates that they have very limited physitgddcts in Michigan, and it was felt that they h&éady been sufficiently well-addressed within thadividual chapters,
and the summary table on page 68. No further eddiom was considered necessary in this sectionseti@zards generally had no Michigan history inNBDC source
used in this risk assessment, or the event higgugh as that for shoreline hazards) showed a pdggance of human impacts rather than physicalgrtppmpacts. The
need for this Attachment stems from the space remégnts and detail needed to further analyze hazhad have a much more extensive history of cgysitysical damages,
so it was felt that these hazards had already Wwe#lrcovered in their hazard analysis chapters,rs@ated no further elaboration here.

GENERAL FINDINGS

General findings for the entire state have alrda@in summarized in the table on page 68. Thichtt@nt provides a more detailed breakdown of tigksounty (as well as
an assessment of the impacts upon state ownediegédaailities). In this Attachment, the main camit for each county that adds to and differs froemsummary tables in the
hazard analysis section of this plan tends to $tem the smoothed data operations. These arelyxhdaible in the rightmost columns of the tablaattfollow. First, a brief

summary of the overall Michigan risks will be wophesenting here (as shown in the Hazard AnalysisrSary Table on page 68 of this plan).

To the best that current records could determime nost frequent natural hazard in Michigan issieere winds hazard, which averages more than d@@hoccurrences
within state territory. However, as with so marazards, most of the damage from these winds tenderhe from the most severe and widespread eveatl®r than the
hundreds that are regularly reported but resuttimmal damage. When property and crop damagerisidered, Michigan’s natural hazards have thewatig ranking:

* The statewide expected annual loss due to flooging $25,689,961.*

* The statewide expected annual loss due to sevactda@mage is $25,398,151.

* The statewide expected annual loss due to tornadmagde is $19,565,003.

» The statewide expected annual loss due to hail garnisa $16,587,342.

» The statewide expected annual loss due to ice/sleeh damage is $11,002,075.

e The statewide expected annual loss due to drooghdgts is about $ 8,400,000.

» The statewide expected annual loss due to snowstamage is $ 2,288,194.*

e The statewide expected annual loss due to wildfgres $ 1,147,280.

* The statewide expected annual loss due to invagigeies is probably $ 1,000,000 or more.
» The statewide expected annual loss due to geonmeagtetm effects is about $ 1,000,000 or less.
» The statewide expected annual loss due to lightt@mgage is $ 966,310.

» The statewide expected annual loss due to extretdedamage is about $ 300,000.

» The statewide expected annual loss due to subsiderabout $200,000 (but recent events have indaleehnological, urban infrastructure breakdowna aause,
such as broken water mains that cause road cofiapsther than subsidence within old mining areathe hydrological causes that had been focused upo
previous editions of this plan—subsidence damages purely natural causes are estimated to avdeagehan $100,000 per year).

* The statewide expected annual loss from earthquakeseline hazards, impacting celestial objectd,&arthquakes are each estimated to be less 10@n0H0.
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e Hazards such as extreme heat, fog, and pandemiostdoave direct property damage normally assatiatéh them. No clear method was readily available
attempt to estimate the costs of any corollary ento impacts from these hazards.

* |t must be noted that, in this new analysis and @amparison of all hazards in Michigan, the most damging hazard appear to be two types of technologicélazards:
fixed site hazardous materials incidents (includingndustrial accidents), and oil/gas pipeline accidds. Each of these was estimated to cause the saammual amount
of damage—about $57 million, more than twice the aount of the top natural hazard in the list above—ad each of which had, during the past 20 years, inatled a
huge event whose costs topped $1 billion. The thimost significant technological hazard was determid to be hazardous materials transportation accidgs, which
averaged an estimated $3 million or more per yeanitheir impacts. Other technological hazards whoseosts could not be well estimated, but which seethéo result
in damages of more than $1 million per year, includ infrastructure failures, major structural fires, and major transportation accidents.

The figure for floods does not include the largeoant of flood damages that are not reflected innttagor events reported by NCDC. As described enttazard analysis
section of this plan, a more comprehensive estimédét result in a figure on the order of $60 oitlior more, but to verify this estimate in a sysitémway will require new
comprehensive data sources and a different methadatyzing that data than could currently be panfed. Moreover, this would likely include minorests that affect only
isolated households, rather than events with thaaity to cause emergency or disaster eventsdormanunity. (See the following paragraph for moxplanation.)

Flood figures reported by NCDC seem to include daifares. It is estimated that dam failures, ihsilered separately from all other flood causesyltén average annual
damages of only about $300,000. The results o cold appear comparable, based upon known $aae impacts involving frozen water mains, diat, if individual
household impacts are considered, then the danfiemyasextreme cold would be much higher. Howeverisaproblematic when considering structural fioesransportation
accidents, events that occur predominantly onékellof an individual household are not the evéimis would normally be considered to have the conitytwide impact
that is the normal concern of emergency managefasndistinct from the first responder professiomshsas firefighters, police, and emergency medieaice providers).
This plan has focused upon hazards that go beyiagte$households and individuals (e.g. this plaasdoot analyze small-scale personal crimes ornetfender bender” car
accidents, even though these add up to substantiaktary losses and personal injury), to hazards hve the real capacity to overwhelm local comitguresponse
capabilities, or to otherwise cause impacts largaigh to result in at least local emergency detitara Michigan government does encourage preveraotivities and hazard
mitigation for these small-scale events, but in yneases, the most cost-effective form of hazardgation and prevention stems from public awarenpgsate activities,
insurance-related adjustments, etc.; not necegsarhmunity-wide or government-driven action.

Fog has not been known to cause any direct progartyage. Other hazards, such as invasive spewedraught, do not tend to affect specific progasrin a way that lends
itself to jurisdictional distinctions (although agional breakdown has been provided in the droolghpter of the hazard analysis in the main bodtisfplan). The direct
effects of celestial impacts are not expected tg sagnificantly between Michigan’s counties, ahé imeasurement of large-scale satellite, commuaitaind infrastructure
impacts tends to make jurisdictional distinctionagpropriate. There have been too few damaging fdélare events in Michigan to allow a precise $dlictional loss
estimate, but the collected hazard history suggbstsmost dams present little risk of failure. ridas dams have been officially mapped, althoughreghare many whose
“hydraulic shadow” has not been plotted (and thatilé be the minimal information required to allow @ven-handed jurisdictional comparison of risomewhat better
information has now been used for the much momuiat wildfire hazard; previous plans had mostlgdum information pertaining to MDNR state-ownedda rather than
privately owned properties with structures, but NCBas provided enough statewide quantitative inftion to allow this hazard to finally start to beperly assessed using
loss estimates.

Due to the still-tentative nature of many of thesdoss estimation procedures, it is recommended thataders consider them to be a supplement to (rathehan a
replacement for) the hazard analysis section of thiplan.

In terms of human casualties, the most seriousrtiagaexpected to be public health emergenciesaasily pandemics. Following behind that would ddreme heat,
tornadoes, severe winds, and cold. These figueeprasented in the summary table on page 68 £pthn—a table that has been markedly improvecestrfast appeared in
the previous edition of this plan.
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When it comes to the comparative vulnerability oicMgan’s Counties, the following table presentsaaking of counties by each of the hazards that alde to be

guantitatively assessed in detail here. (Howethar,table only shows counties that had an estimatp@cted annual damage amount of at least $lomiflom that

corresponding hazard.)

County Ranking Flood Risks Tornado Risks Severe With Risks Hail Risks Ice/Sleet Storm Risks
1 Macomb Wayne Ottawa Van Buren Macomb
2 Ottawa Monroe Muskegon Berrien Oakland
3 Allegan Washtenaw Kent Cass Wayne
4 Kalamazoo Macomb Wayne Kalamazoo St. Clair
5 Wayne Oakland Allegan Shiawassee
6 Gogebic Lenawee Branch
7 Ingham Allegan

No Michigan Counties had annual expected lossesasé than $1 million from lightning, snowstorms|dfires, extreme temperatures, fog, shoreline hlidgatam failures,

drought, earthquakes, subsidence, or celestialdtapRlease note that technological hazards have not bleeonsidered in these comparisons.

When comparing individual county risks (from naturazards only) against each other, the followiggkings result:

1. Macomb Flooding $5,702,748 16. Kent Severe Winds $1,344,902
2. Ottawa Flooding $3,153,674 17. Oakland Ice/Sleet Storms $1,336,891
3. Wayne Tornadoes $1,772,968 18. Wayne Ice/Sleet Storms $1,290,511
4. Ottawa Severe Winds $1,765,853 19. Wayne Flooding $1,259,675
5. Monroe Tornadoes $1,713,165 20. Macomb Tornadoes $1,213,402
6. Allegan Flooding $1,597,027 21. Wayne Severe Winds $1,182,425
7. Washtenaw Hail $1,594,716 22. Oakland Tornadoes $1,139,969
8. Berrien Hail $1,573,923 23. Allegan Severe Winds $1,102,763
9. Cass Halil $1,542,861 24. Branch Hail $1,102,756
10. Kalamazoo Hail $1,533,810 25. St. Clair Ice/Sleet Storms $1,092,605
11. Shiawassee Hail $1,532,297 26. Allegan Hail $1,082,724
12. Macomb Ice/Sleet Storms $1,507,568 27. Lenawee Tornadoes $1,070,348
13. Muskegon Severe Winds $1,423,861 28. Gogebic Flooding $1,066,237
14. Kalamazoo Flooding $1,361,750 29. Ingham Flooding $1,003,646
15. Washtenaw Tornadoes $1,356,121

Although these rankings may appear to be clearkagp in mind that they do not include a considenadf human casualties, local resources (for exengithough more
snow falls in the Upper Peninsula, it causes lessatje there), and other considerations beyond fiyogemage reports. They are also based uponHass20 years of data.
It will be appropriate for these statistics to lewiewed by multiple agencies, including the invalvlecal emergency management programs, before aheeyconsidered
appropriate for use in prioritizing state assistaimchazard mitigation activities. (In additiomrtain types of hazards are more susceptible tibad@ mitigation options, and

therefore any prioritization from this plan canbetbased exclusively upon the extent of perceivegeasty risk.)
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Loss Estimation Tables for Counties (and general dical infrastructure vulnerability)

Michigan Counties —
. Michigan Counties —

CoNoGhWNE

Michigan Counties —
Michigan Counties —
Michigan Counties —
Michigan Counties —
Michigan Counties —
Michigan Counties —
Michigan Counties —

Flooding

Tornadoes

Severe Winds

Halil

Lightning

Snowstorms

Ice/Sleet Storms

Wildfires

Extreme Cold Temperatures (Rk / probability)

10. Michigan Counties — Extreme Hot Temperatures (Rk / probability)
11. General Natural Hazard Vulnerability: Lifelines (utility and transportation infrastructure)

645
Attachment A — Loss Estimates and Supporting Ha2axalysis Materials




Loss Estimation for the State of Michigan: Flooding

COUNTY Population* Relative Risk _Nur_nber of Expected Annual NCDC '!'ota_l Expected Annual

Riverine Flood Events Historic Riverine Losses ($)

Events: 1996- Flood Damage

2013 (NCDC) ($millions)
Alcona 10,942 MEDIUM 4 0.22 0.11 6,169
Alger 9,601 LOW 6 0.34 0.00 0
Allegan 111,408 HIGH 34 1.91 28.48 1,597,027
Alpena 29,598 LOW 1 0.06 0.00 0
Antrim 23,580 LOW 1 0.06 0.00 0
Arenac 15,899 MEDIUM 13 0.73 0.10 5,496
Baraga 8,860 MEDIUM 14 0.79 2.04 114,638
Barry 59,173 HIGH 29 1.63 13.97 783,511
Bay 107,771 HIGH 24 1.35 9.05 507,291
Benzie 17,525 LOW 1 0.06 0.00 0
Berrien 156,813 HIGH 20 1.12 6.91 387,549
Branch 45,248 HIGH 14 0.79 6.16 345,485
Calhoun 136,146 HIGH 27 1.51 13.13 736,399
Cass 52,293 HIGH 21 1.18 6.66 373,528
Charlevoix 25,949 LOW 1 0.06 0.00 112
Cheboygan 26,15P LOW 3 0.17 0.03 1,570
Chippewa 38,520 MEDIUM 6 0.34 0.13 7,011
Clare 30,926 HIGH 8 0.45 4.45 249,579
Clinton 75,382 HIGH 26 1.46 12.87 721,817
Crawford 14,074 LOW 1 0.06 0.01 337
Delta 37,069 MEDIUM 22 1.23 0.81 45,149
Dickinson 26,168 LOW 11 0.62 0.03 1,739
Eaton 107,759 HIGH 25 1.40 12.77 716,209
Emmet 32,694 LOW 1 0.06 0.02 1,010
Genesee 425,790 HIGH 38 2.13 13.91 780,146
Gladwin 25,692 MEDIUM 7 0.39 0.10 5,777
Gogebic 16,427 HIGH 13 0.73 19.01 1,066,237
Gd Traverse 86,986 MEDIUM 6 0.34 1.81 101,739
Gratiot 42,476 HIGH 26 1.46 10.82 606,842
Hillsdale 46,688 HIGH 20 1.12 6.31 353,898
Houghton 36,628 MEDIUM 17 0.95 2.90 162,647
Huron 33,118 HIGH 23 1.29 6.32 354,403
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Loss Estimation for the State of Michigan: Flooding- cont.

COUNTY Population* Relative Risk Number of Expected Annual 'NCDC Total Expected Annual

Riverine Flood Events Historic Riverine Losses ($)

Events: 1996- Flood Damage

2013 (NCDC) ($millions)
Ingham 280,894 HIGH 26 1.46 17.90 1,003,646
lonia 63,905 HIGH 21 1.18 14.57 817,162
losco 25,887 LOW 3 0.17 0.00 168
Iron 11,817, MEDIUM 10 0.56 0.65 36,175
Isabella 70,311 HIGH 27 1.51 14.83 831,464
Jackson 160,248 HIGH 25 1.40 11.43 640,774
Kalamazoo 250,331 HIGH 27 1.51 24.28 1,361,750
Kalkaska 17,153 LOW 2 0.11 0.02 1,122
Kent 602,622 HIGH 38 2.13 11.14 624,790
Keweenaw 2,156 MEDIUM 7 0.39 0.13 7,403
Lake 11,539 HIGH 8 0.45 6.89 386,427
Lapeer 88,319 HIGH 28 1.57 16.78 941,110
Leelanau 21,708 LOW 2 0.11 0.05 2,804
Lenawee 99,892 HIGH 36 2.02 6.81 381,941
Livingston 180,967 MEDIUM 17 0.95 1.30 73,135
Luce 6,631 LOW 3 0.17 0.00 0
Mackinac 11,113 LOW 5 0.28 0.06 3,253
Macomb 840,979 HIGH 34 1.91 101.68 5,702,748
Manistee 24,733 MEDIUM 8 0.45 1.52 85,250
Marquette 67,077 HIGH 27 1.51 14.73 825,855
Mason 28,705 HIGH 13 0.73 8.21 460,179
Mecosta 42,798 HIGH 27 1.51 16.56 928,772
Menominee 24,029 MEDIUM 5 0.28 0.85 47,672
Midland 83,629 HIGH 25 1.40 8.83 495,233
Missaukee 14,849 MEDIUM 3 0.17 0.16 8,974
Monroe 152,021 HIGH 29 1.63 9.89 554,683
Montcalm 63,342 HIGH 24 1.35 10.82 606,842
Montmorency 9,765 LOW 1 0.06 0.00 0
Muskegon 172,188 HIGH 28 1.57 13.49 756,590
Newaygo 48,46( HIGH 10 0.56 6.71 376,332
Oakland 1,202,362 MEDIUM 22 1.23 2.71 151,767
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Loss Estimation for the State of Michigan: Flooding- cont.

Notes: *2010 Census.

COUNTY Population* Relative Risk Number of Expected Annual 'NCDC Total Expected Annual

Riverine Flood Events Historic Riverine Losses ($)

Events: 1996- Flood Damage

2013 (NCDC) ($millions)
Oceana 26,570 HIGH 9 0.50 5.11 286,596
Ogemaw 21,699 MEDIUM 3 0.17 0.15 8,413
Ontonagon 6,780 MEDIUM 12 0.67 0.82 45,822
Osceola 23,528 HIGH 11 0.62 5.83 326,697
Oscoda 8,640 LOW 3 0.17 0.00 168
Otsego 24,164 Low 1 0.06 0.00 168
Ottawa 263,801 HIGH 34 1.91 56.23 3,153,674
Presque Isle 13,376 LOW 0.00 0.00 0
Roscommon 24,449 LOW 1 0.06 0.00 224
Saginaw 200,169 HIGH 48 2.69 9.84 551,711
St. Clair 163,040 HIGH 24 1.35 9.58 537,297
St. Joseph 61,295 HIGH 18 1.01 6.66 373,528
Sanilac 43,114 HIGH 21 1.18 8.25 462,423
Schoolcraft 8,484 LOW 3 0.17 0.00 0
Shiawassee 70,648 HIGH 27 1.51 7.33 411,161
Tuscola 55,729 HIGH 32 1.79 14.13 792,485
Van Buren 76,258 HIGH 24 1.35 10.90 611,497
Washtenaw 344,791  HIGH 30 1.68 13.05 731,913
Wayne 1,820,584 HIGH 59 3.31 22.46 1,259,675
Wexford 32,735 MEDIUM 10 0.56 0.87 48,906
MI TOTAL 9,883,640 lIGEGING 925 51.88 458.05| 25,689,961
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Loss Estimation for the State of Michigan: Tornados

COUNTY Population* Relative Number of Expected NCDC Total Expected Expected
Risk Tornadoes: Annual Historic Annual Annual
1996-2013 Events Tornado Losses ($) Losses ($)-
(NCDC) Damage Smoothed
($millions) Data
Alcona 10,942 MEDIUM 3 0.17 0.32 17,667 33,006
Alger 9,601 MEDIUM 1 0.06 0.00 0 12,407
Allegan 111,408 MEDIUM 7 0.39 1.60 89,849 125,334
Alpena 29,598 MEDIUM 4 0.22 0.49 27,538 29,157
Antrim 23,580, MEDIUM 2 0.11 0.00 224 14,185
Arenac 15,899 MEDIUM 3 0.17 0.02 897 30,309
Baraga 8,860 MEDIUM 0.00 0.00 0 29,115
Barry 59,173 HIGH 2 0.11 0.30 16,826 293,296
Bay 107,771, MEDIUM 4 0.22 0.17 9,534 101,478
Benzie 17,525 LOW 0.00 0.00 0 4,910
Berrien 156,813 MEDIUM 7 0.39 2.11 118,340 122,728
Branch 45,248 MEDIUM 2 0.11 0.05 2,804 143,545
Calhoun 136,146  HIGH 4 0.22 3.48 194,896 311,684
Cass 52,293 MEDIUM 6 0.34 5.90 330,903 112,945
Charlevoix 25,949 MEDIUM 1 0.06 0.00 0 8,848
Cheboygan 26,152 MEDIUM 2 0.11 0.03 1,683 10,597
Chippewa 38,520 LOW 1 0.06 0.20 11,217 2,854
Clare 30,926 MEDIUM 3 0.17 0.22 12,339 27,461
Clinton 75,382 HIGH 2 0.11 0.60 33,651 425,733
Crawford 14,074 MEDIUM 4 0.22 0.06 3,365 22,242
Delta 37,069 MEDIUM 4 0.22 0.04 2,131 32,180
Dickinson 26,168 MEDIUM 6 0.34 7.13 400,056 79,385
Eaton 107,754 HIGH 8 0.45 50.58| 2,836,904 568,341
Emmet 32,694 LOW 1 0.06 0.00 0 1,026
Genesee 425,790 HIGH 18 1.01 18.51| 1,038,138 529,851
Gladwin 25,692 MEDIUM 2 0.11 0.09 5,048 32,720
Gogebic 16,427 MEDIUM 1 0.06 0.03 1,402 19,905
Gd Traverse 86,986 MEDIUM 0.00 0.00 0 7,231
Gratiot 42,476 HIGH 5 0.28 0.70 39,484 237,099
Hillsdale 46,688 HIGH 3 0.17 0.35 19,686 410,980
Houghton 36,628 MEDIUM 0.00 0.00 0 11,881
Huron 33,118 MEDIUM 5 0.28 0.42 23,275 106,419
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Loss Estimation for the State of Michigan:

Tornados — cont.

COUNTY Population* Relative Number of Expected NCDC Total Expected Expected

Risk Tornadoes: Annual Events Historic Annual Annual Losses

1996-2013 Tornado Losses ($) (%)- Smoothed

(NCDC) Damage Data
($millions)
Ingham 280,895 HIGH 7 0.39 21.05| 1,180,595 620,397
lonia 63,905 HIGH 2 0.11 0.17 9,254 316,417
losco 25,887 MEDIUM 1 0.06 0.08 4,206 26,181
Iron 11,817 MEDIUM 1 0.06 0.02 841 31,316
Isabella 70,311 MEDIUM 5 0.28 0.73 40,662 33,922
Jackson 160,248 HIGH 2 0.11 0.75 42,064 677,226
Kalamazoo 250,331 MEDIUM 7 0.39 0.83 46,691 171,424
Kalkaska 17,153 MEDIUM 3 0.17 1.10 61,694 17,911
Kent 602,622 MEDIUM 7 0.39 0.60 33,651 129,786
Keweenaw 2,156 LOW 1 0.06 0.00 0 196
Lake 11,539 MEDIUM 1 0.06 0.20 11,217 12,796
Lapeer 88,319 HIGH 9 0.50 1.88 105,440 636,825
Leelanau 21,708 LOwW 1 0.06 0.02 1,122 2,966
Lenawee 99,892 HIGH 4 0.22 0.58 32,529 1,070,348
Livingston 180,967 HIGH 8 0.45 10.22 573,191 816,072
Luce 6,631 LOW 1 0.06 0.00 0 1,917
Mackinac 11,113 LOW 1 0.06 0.00 0 2,200
Macomb 840,978 HIGH 4 0.22 30.80| 1,727,426 1,213,402
Manistee 24,733 MEDIUM 1 0.06 0.02 841 7,027
Marquette 67,077 MEDIUM 4 0.22 0.02 841 45,633
Mason 28,708 MEDIUM 1 0.06 0.00 0 8,366
Mecosta 42,798 MEDIUM 1 0.06 1.20 67,302 22,698
Menominee 24,029 MEDIUM 2 0.11 0.03 1,402 65,166
Midland 83,629 3 0.17 0.23 12,619 69,956
Missaukee 14,849 MEDIUM 1 0.06 0.00 0 18,119
Monroe 152,021 MEDIUM 7 0.39 60.20| 3,376,500, 1,713,165
Montcalm 63,342 HIGH 2 0.11 0.18 9,927 151,124
Montmorency 9,765| MEDIUM 3 0.17 0.21 11,778 25,636
Muskegon 172,188 MEDIUM 3 0.17 0.05 2,804 18,121
Newaygo 48,460 MEDIUM 4 0.22 0.07 4,038 16,678
Oakland 1,202,362 MEDIUM 6 0.34 6.92 387,942| 1,139,969
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Loss Estimation for the State of Michigan:

Tornados — cont.

Notes:*2010 Census.

COUNTY Population* Relative Number of Expected NCDC Total Expected Expected

Risk Tornadoes: Annual Events Historic Annual Annual Losses

1996-2013 Tornado Losses ($) (%)- Smoothed

(NCDC) Damage Data
($millions)
Oceana 26,570 MEDIUM 0.00 0.00 0 10,152
Ogemaw 21,699 MEDIUM 2 0.11 0.08 4,206 24,971
Ontonagon 6,780 MEDIUM 1 0.06 0.02 1,122 15,027
Osceola 23,528 MEDIUM 5 0.28 0.61 34,324 19,591
Oscoda 8,64(0) MEDIUM 4 0.22 2.89 162,086 31,824
Otsego 24,164 MEDIUM 1 0.06 0.01 617 16,611
Ottawa 263,801 MEDIUM 3 0.17 0.26 14,582 25,894
Presque Isle 13,376 MEDIUM 2 0.11 0.00 0 21,042
Roscommon 24,449 MEDIUM 0.00 0.00 0 20,390
Saginaw 200,169 HIGH 13 0.73 6.31 354,094 212,944
St. Clair 163,040 HIGH 7 0.39 0.90 50,196 621,653
St. Joseph 61,295 MEDIUM 6 0.34 0.82 46,113 145,920
Sanilac 43,114 HIGH 5 0.28 0.45 24,958 256,211
Schoolcraft 8,485 LOW 0.00 0.00 0 1,344
Shiawassee 70,648 HIGH 9 0.50 0.66 36,736 437,325
Tuscola 55,729 HIGH 8 0.45 1.06 59,450 209,156
Van Buren 76,258 MEDIUM 4 0.22 0.12 6,730 99,908
Washtenaw 344,791 HIGH 5 0.28 12.60 706,394| 1,356,121
Wayne 1,820,584 HIGH 3 0.17 90.75| 5,089,736/ 1,772,968
Wexford 32,735 MEDIUM 1 0.06 0.01 449 10,319
MI TOTAL 9,883,640 G 292 16.38 348.84] 19,565,003 IEGEE
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Expected Annual Losses
Tornado

Relative Risk

I s0 - 54999 (Low)

[ ] $5000-$199,999 (Medium)
I 5200.000 - $1,772,968 (High)
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Loss Estimation for the State of Michigan: Severe \ivids

COUNTY Population* Relative Number of Expected Adjusted Expected Expected
Risk I_Damagmg Annual ' Historic Annual Annual
Wind events: Events Wind Damage Losses ($) Losses ($)-
1996-2013 (%) Smoothed
(NCDC) (NCDC) Data
Alcona 10,942 MEDIUM 42 2.36 93,000 5,216 11,269
Alger 9,601, MEDIUM 45 2.52 1,252,000 70,219 97,825
Allegan 111,408 HIGH 246 13.80 3,116,000 174,762| 1,102,763
Alpena 29,598 MEDIUM 40 2.24 190,000 10,656 10,465
Antrim 23,580 MEDIUM 55 3.08 231,000 12,956 12,520
Arenac 15,899 MEDIUM 28 1.57 222,500 12,479 70,226
Baraga 8,860 MEDIUM 49 2.75 463,500 25,996 65,695
Barry 59,173 HIGH 201 11.27| 2,587,000 145,093 823,604
Bay 107,771 MEDIUM 105 5.89 4,986,000 279,641 180,467
Benzie 17,525 MEDIUM 24 1.35 158,000 8,861 23,280
Berrien 156,813 MEDIUM 178 9.98 986,000 55,300 104,169
Branch 45,248 HIGH 162 9.09 422,500 23,696] 372,288
Calhoun 136,146 HIGH 156 8.75| 29,505,000 1,654,795 474,862
Cass 52,293 MEDIUM 137 7.68 1,223,000 68,592| 199,084
Charlevoix 25,949 MEDIUM 35 1.96 273,000 15,311 12,102
Cheboygan 26,152 MEDIUM 30 1.68 181,000 10,151 15,776
Chippewa 38,520 MEDIUM 31 1.74 75,500 4,234 34,559
Clare 30,926 MEDIUM 41 2.30 534,500 29,978 92,506
Clinton 75,382 HIGH 196 10.99 3,177,000 178,183| 468,870
Crawford 14,074 MEDIUM 28 1.57 252,000 14,133 12,963
Delta 37,069 MEDIUM 68 3.81 5,236,200 293,674 106,117
Dickinson 26,168 MEDIUM 60 3.37 878,000 49,243 73,247
Eaton 107,759 HIGH 196 10.99| 5,465,000 306,506] 536,231
Emmet 32,694 MEDIUM 35 1.96 281,000 15,760 12,404
Genesee 425,790 HIGH 384 21.54 9,972,000 559,282| 483,400
Gladwin 25,692 MEDIUM 31 1.74 256,500 14,386 92,556
Gogebic 16,427 MEDIUM 83 4.66 1,171,500 65,704 72,778
Gd. Traverse 86,986 MEDIUM 38 2.13 301,500 16,910 19,772
Gratiot 42,476 HIGH 162 9.09 2,523,000 141,503] 410,084
Hillsdale 46,688 HIGH 150 8.41 562,500 31,548 390,922
Houghton 36,628 MEDIUM 64 3.59 1,138,500 63,853 59,213
Huron 33,118 HIGH 118 6.62 3,091,000 173,360 236,593
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Loss Estimation for the State of Michigan: Severe \ivids — cont.

COUNTY Population* Relative Number of Expected Adjusted Expected Expected

Risk I_Damagmg Annual _H|stor|c Annual Annual Losses

Wwind events: Events Wind Damage Losses ($) (%)- Smoothed

1996-2013 ($) Data
(NCDC) (NCDC)
Ingham 280,895 HIGH 210 11.78 6,145,000 344,644 363,704
lonia 63,905 HIGH 184 10.32 2,486,000 139,428 738,863
losco 25,887 MEDIUM 36 2.02 151,000 8,469 23,462
Iron 11,817 MEDIUM 55 3.08 2,070,500 116,125 67,590
Isabella 70,311 HIGH 54 3.03 1,280,000 71,789 223,385
Jackson 160,248 HIGH 118 6.62 1,240,000 69,546 438,144
Kalamazoo 250,331 HIGH 124 6.95 5,953,000 333,875 511,684
Kalkaska 17,153 MEDIUM 28 1.57 63,000 3,533 15,684
Kent 602,622 HIGH 227 12.73| 83,624,000 4,690,073 1,344,902
Keweenaw 2,156 MEDIUM 38 2.13 341,000 19,125 49,519
Lake 11,539 HIGH 31 1.74 2,144,000 120,247 244,510
Lapeer 88,319 HIGH 277 15.54 5,496,000 308,245 630,256
Leelanau 21,708 MEDIUM 33 1.85 131,000 7,347 13,109
Lenawee 99,892 HIGH 216 12.11 7,254,000 406,842 673,235
Livingston 180,967 HIGH 219 12.28 3,319,500 186,175 547,944
Luce 6,631 MEDIUM 36 2.02 172,000 9,647 66,961
Mackinac 11,113 MEDIUM 24 1.35 89,000 4,992 45,375
Macomb 840,978 HIGH 279 15.65| 22,953,000 1,287,325 966,132
Manistee 24,733 MEDIUM 45 2.52 538,500 30,202 53,212
Marquette 67,077 MEDIUM 119 6.67 619,750 34,759 84,246
Mason 28,703 HIGH 48 2.69 1,692,000 94,896 336,081
Mecosta 42,798 HIGH 40 2.24 636,110 35,676 322,431
Menominee 24,029 MEDIUM 64 3.59 124,500 6,983 87,809
Midland 83,629 MEDIUM 88 4.94 2,828,000 158,609 175,648
Missaukee 14,849 MEDIUM 20 1.12 301,000 16,882 25,475
Monroe 152,021 HIGH 198 11.10 5,030,000 282,109 957,589
Montcalm 63,342 HIGH 183 10.26| 16,454,000 922,827 622,814
Montmorency 9,76% MEDIUM 38 2.13 240,000 13,460 10,910
Muskegon 172,188 HIGH 191 10.71| 34,521,250 1,936,133 1,423,861
Newaygo 48,460 HIGH 51 2.86 2,158,000 121,032 664,271
Oakland 1,202,362 HIGH 414 23.22| 16,319,000 915,255 863,500
654

Attachment A — Loss Estimates and Supporting Ha2axalysis Materials



Loss Estimation for the State of Michigan: Severe \ivids — cont.

COUNTY Populatio Relative Number of Expected Adjusted Expected Expected
n* Risk I_Damagmg Annual _ Historic Annual Annual Losses
Wwind events: Events Wind Damage Losses ($) (%)- Smoothed
1996-2013 $) Data
(NCDC) (NCDC)
Oceana 26,570 HIGH 38 2.13 4,657,000 261,189 717,050
Ogemaw 21,699 MEDIUM 51 2.86 450,530 25,268 27,750
Ontonagon 6,780 MEDIUM 59 3.31 1,117,000 62,647 68,971
Osceola 23,528 MEDIUM 32 1.79 589,500 33,062 189,604
Oscoda 8,640 MEDIUM 27 1.51 168,000 9,422 11,977
Otsego 24,164 MEDIUM 38 2.13 180,500 10,123 11,774
Ottawa 263,801 HIGH 209 11.72| 49,047,000 2,750,813 1,765,853
Presque Isle 13,376 MEDIUM 26 1.46 80,000 4,487 9,664
Roscommon 24,449 MEDIUM 51 2.86 233,000 13,068 25,749
Saginaw 200,169 HIGH 292 16.38 7,935,000 445,036 278,417
St. Clair 163,040 HIGH 286 16.04 6,684,000 374,874 652,701
St. Joseph 61,295 HIGH 145 8.13 648,750 36,385 277,727
Sanilac 43,114  HIGH 92 5.16 2,733,500 153,309 356,225
Schoolcraft 8,485 MEDIUM 35 1.96 3,288,000 184,408 89,305
Shiawassee 70,648 HIGH 230 12.90 5,055,000 283,511 329,396
Tuscola 55,72¢ HIGH 145 8.13 3,290,950 184,574 305,362
Van Buren 76,258 HIGH 114 6.39 1,551,000 86,988 393,170
Washtenaw 344,791 HIGH 300 16.83| 13,335,000 747,897 833,054
Wayne 1,820,584 HIGH 306 17.16| 64,495,000 3,617,218 1,182,425
Wexford 32,735 MEDIUM 36 2.02 194,000 10,881 34,790
mI TOTAL | 9,883,640 7,324 410.77] 452,849,030 25,398,151 NG

Notes:*2010 Census
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Expected Annual Losses
Wind

Relative Risk

I s0 - 54999 (Low)

[ ] $5,000- $199,999 (Medium)
I 5200,000 - $1,765,853 (High)
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Loss Estimation for the State of Michigan: Halil

COUNTY Population* Relative Number of Expected Historic Expected Expected

Risk De}magmg Annual Hailstorm Annual Annual Losses

Hailstorms: Events Damage ($) Losses ($) (%)- Smoothed

1996-2013 (NCDC) Data
(NCDC)
Alcona 10,942 MEDIUM 41 2.30 0 0 11,544
Alger 9,601 HIGH 40 2.24 5,000 280 401,951
Allegan 111,408 HIGH 47 2.64| 1,024,000 57,431] 1,082,724
Alpena 29,598 MEDIUM 28 1.57 0 0 24,509
Antrim 23,580 LOW 25 1.40 30,000 1,683 531
Arenac 15,899 LOW 31 1.74 0 0 1,238
Baraga 8,86( HIGH 31 1.74 0 0 530,590
Barry 59,173  HIGH 39 2.19 565,000 31,688 818,667
Bay 107,771 MEDIUM 41 2.30 0 0 9,555
Benzie 17,525 LOW 9 0.50 0 0 1,662
Berrien 156,813 HIGH 39 2.19| 1,308,000 73,360, 1,573,923
Branch 45,248 HIGH 54 3.03| 1,000,000 56,085| 1,102,756
Calhoun 136,146 HIGH 34 1.91 610,000 34,212 855,720
Cass 52,293 HIGH 23 1.29 12,000 673| 1,542,861
Charlevoix 25,949 MEDIUM 26 1.46 0 0 7,013
Cheboygan 26,15 MEDIUM 15 0.84 0 0 16,547
Chippewa 38,520 LOwW 22 1.23 0 0 766
Clare 30,926 MEDIUM 29 1.63 565,000 31,688 12,191
Clinton 75,382 MEDIUM 26 1.46 265,000 14,863 99,012
Crawford 14,074 LOW 18 1.01 0 0 4,052
Delta 37,069 HIGH 63 3.53 4,000 224 583,925
Dickinson 26,168 HIGH 54 3.03 225,000 12,619 747,931
Eaton 107,759 HIGH 41 2.30 760,000 42,625 375,589
Emmet 32,694 MEDIUM 15 0.84 100,000 5,609 11,525
Genesee 425,790 MEDIUM 157 8.81 0 0 25,647
Gladwin 25,692 MEDIUM 29 1.63 0 0 6,401
Gogebic 16,427 HIGH 45 2.52 750,000 42,064 239,173
Gd. Traverse 86,986 LOW 18 1.01 0 0 1,723
Gratiot 42,47 MEDIUM 25 1.40 265,000 14,863 79,545
Hillsdale 46,688 HIGH 35 1.96| 2,000,000 112,170 524,431
Houghton 36,628 HIGH 43 2.41 10,000 561 327,459
Huron 33,118 LOwW 54 3.03 5,000 280 2,617
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Loss Estimation for the State of Michigan: Hail — ont.

COUNTY Population Relative Number of Expected Historic Expected Expected
* Risk De_tmagmg Annual Hailstorm Annual Annual Losses
Hailstorms: Events Damage ($) Losses ($) | ($)- Smoothed
1996-2013 (NCDC) Data
(NCDC)
Ingham 280,895 MEDIUM 40 2.24 635,000 35,614 61,677
lonia 63,905 HIGH 14 0.79 4,275,000 239,764 281,789
losco 25,887 LOW 47 2.64 0 0 0
Iron 11,817 HIGH 42 2.36 4,100,000 229,950 464,236
Isabella 70,311 MEDIUM 33 1.85 315,000 17,667 40,688
Jackson 160,248 MEDIUM 37 2.08 605,000 33,932 165,200
Kalamazoo 250,331 HIGH 54 3.03| 130,050,000 7,293,887 1,533,810
Kalkaska 17,153 LOW 9 0.50 0 0 1,645
Kent 602,622 HIGH 74 4.15| 15,322,000 859,338 518,948
Keweenaw 2,156 MEDIUM 4 0.22 0 0 23,191
Lake 11,539 MEDIUM 15 0.84 175,000 9,815 25,774
Lapeer 88,319 MEDIUM 59 3.31 0 0 7,373
Leelanau 21,708 LOW 29 1.63 55,000 3,085 960
Lenawee 99,892 MEDIUM 91 5.10 2,150,000 120,583 44,998
Livingston 180,967 MEDIUM 45 2.52 0 0 38,707
Luce 6,631 MEDIUM 15 0.84 0 0 145,979
Mackinac 11,113 MEDIUM 12 0.67 0 0 6,954
Macomb 840,978 LOwW 122 6.84 2,000 112 1,745
Manistee 24,733 MEDIUM 19 1.07 35,000 1,963 5,052
Marquette 67,077 HIGH 114 6.39| 64,647,000 3,625,743 772,807
Mason 28,703 MEDIUM 16 0.90 105,000 5,889 32,470
Mecosta 42,798 MEDIUM 22 1.23 475,000 26,640 51,549
Menominee 24,029 HIGH 54 3.03 100,000 5,609 790,128
Midland 83,629 MEDIUM 72 4.04 1,000 56 23,767
Missaukee 14,849 LOW 14 0.79 0 0 4,713
Monroe 152,021 MEDIUM 74 4.15 0 0 26,617
Montcalm 63,342 MEDIUM 25 1.40 1,280,000 71,789 106,737
Montmorency 9,765| MEDIUM 25 1.40 0 0 19,274
Muskegon 172,188 MEDIUM 40 2.24 675,000 37,858 150,609
Newaygo 48,46(0 MEDIUM 28 1.57 395,000 22,154 80,669
Oakland 1,202,362 MEDIUM 147 8.24 11,000 617 16,291
658

Attachment A — Loss Estimates and Supporting Ha2axalysis Materials



Loss Estimation for the State of Michigan: Hail — ont.

Notes:*2010 Census

COUNTY Population* Relative Number of Expected Historic Expected Expected

Risk De_tmagmg Annual Hailstorm Annual Annual Losses

Hailstorms: Events Damage ($) Losses ($) ($)- Smoothed

1996-2013 (NCDC) Data
(NCDC)
Oceana 26,570 MEDIUM 21 1.18 315,000 17,667 71,143
Ogemaw 21,699 LOW 35 1.96 0 0 1,291
Ontonagon 6,780 MEDIUM 45 2.52 0 0 190,906
Osceola 23,528 MEDIUM 14 0.79 145,000 8,132 26,241
Oscoda 8,640 MEDIUM 34 1.91 0 0 8,180
Otsego 24,164 MEDIUM 36 2.02 0 0 7,529
Ottawa 263,801 HIGH 53 2.97 794,000 44 532 617,665
Presque Isle 13,376 MEDIUM 26 1.46 3,800,000 213,124 38,448
Roscommon 24,449 LOW 31 1.74 0 0 3,254
Saginaw 200,169 MEDIUM 86 4.82 300 17 30,861
St. Clair 163,040 LOW 71 3.98 125,000 7,011 2,864
St. Joseph 61,295 HIGH 41 2.30 0 0| 1,532,297
Sanilac 43,114 LOW 49 2.75 165,000 9,254 2,875
Schoolcraft 8,48% HIGH 32 1.79 100,000 5,609 291,477
Shiawassee 70,648 MEDIUM 36 2.02 4,800,000 269,209 59,779
Tuscola 55,729 MEDIUM 65 3.65 0 0 12,776
Van Buren 76,258 HIGH 26 1.46| 50,585,000 2,837,072 1,594,716
Washtenaw 344,791 MEDIUM 154 8.64 10,000 561 28,962
Wayne 1,820,584 MEDIUM 146 8.19 7,000 393 10,977
Wexford 32,735 22 1.23 0 4,815
MI TOTAL 9,883 640_ 3,612|  202.58] 295,752,300 16,587 34-
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Expected Annual Losses
Hail

Relative Risk

I s0 - 54999 (Low)

[ ] $5,000- $199,999 (Medium)
I 5200,000 - $1,594,716 (High)
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Loss Estimation for the State of Michigan: Lightning

COUNTY Population* Relative Number of Expected Historic Expected Expected

Risk D_amagmg Annual Lightning Annual Annual Losses

Lightning Events Damage ($) Losses ($) | ($)- Smoothed

Events: 1996- (NCDC) Data
2013 (NCDC)
Alcona 10,942 LOW 0.00 0 1,417
Alger 9,601 LOW 2 0.11 0 1,754
Allegan 111,408 MEDIUM 0.00 0 9,347
Alpena 29,598 LOW 1 0.06 0 1,789
Antrim 23,580/ MEDIUM 2 0.11 80,000 4,487 5,129
Arenac 15,899 LOW 1 0.06 500 28 1,410
Baraga 8,86( LOW 0.00 0 1,717
Barry 59,173 MEDIUM 1 0.06 0 5,571
Bay 107,771 MEDIUM 5 0.28 63,000 3,533 6,172
Benzie 17,525 LOW 1 0.06 0 2,222
Berrien 156,813 MEDIUM 3 0.17 840,000 47,112 13,953
Branch 45,248 LOW 0.00 0 3,075
Calhoun 136,146 MEDIUM 1 0.06 11,000 617 6,957
Cass 52,293 MEDIUM 0.00 0 9,226
Charlevoix 25,949 MEDIUM 1 0.06 0 5,290
Cheboygan 26,152 LOW 2 0.11 75,000 4,206 3,992
Chippewa 38,520 LOW 1 0.06 2,800 157 3,335
Clare 30,926 LOW 1 0.06 5,000 280 1,382
Clinton 75,382 MEDIUM 0.00 0 8,700
Crawford 14,074 LOW 1 0.06 0 3,500
Delta 37,069 LOW 0.00 0 1,849
Dickinson 26,168 LOW 3 0.17 171,000 9,591 2,761
Eaton 107,759 MEDIUM 0.00 0 9,981
Emmet 32,694 LOW 1 0.06 4,000 224 4,933
Genesee 425,790 MEDIUM 14 0.79 220,500 12,367 42,022
Gladwin 25,692 LOW 1 0.06 0 1,550
Gogebic 16,427 LOW 2 0.11 0 1,429
Gd. Traverse 86,986 LOW 6 0.34 170,000 9,534 3,180
Gratiot 42,476 MEDIUM 0.00 0 6,536
Hillsdale 46,688 MEDIUM 1 0.06 0 14,986
Houghton 36,628 LOW 2 0.11 25,000 1,402 1,304
Huron 33,118 MEDIUM 3 0.17 535,000 30,006 19,775
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Loss Estimation for the State of Michigan: Lightning — cont.

COUNTY Population Relative Number_ of Expected Historic Expected Expected

* Risk ngagmg Annual Lightning Annual Annual Losses

Lightning Events Damage ($) Losses ($) (%)- Smoothed

Events: 1996- (NCDC) Data
2013 (NCDC)
Ingham 280,895 MEDIUM 0.00 0 20,772
lonia 63,905 MEDIUM 1 0.06 0 5,467
losco 25,887 LOW 3 0.17 15,000 841 1,052
Iron 11,817 LOW 1 0.06 50,000 2,804 1,789
Isabella 70,311 LOW 1 0.06 10,000 561 2,587
Jackson 160,248 MEDIUM 0.00 0 25,720
Kalamazoo 250,331 MEDIUM 3 0.17 20,000 1,122 6,003
Kalkaska 17,153 LOW 2 0.11 0 3,324
Kent 602,622 MEDIUM 3 0.17| 1,000,000 56,085 10,135
Keweenaw 2,156 LOW 0.00 0 771
Lake 11,539 LOW 0.00 0 2,054
Lapeer 88,319 MEDIUM 9 0.50| 1,328,000 74,481 54,567
Leelanau 21,708 LOW 2 0.11 40,000 2,243 2,774
Lenawee 99,892 MEDIUM 18 1.01 880,000 49,355 36,416
Livingston 180,967 MEDIUM 12 0.67| 1,844,000 103,421 45,937
Luce 6,631 LOW 1 0.06 70,000 3,926 2,744
Mackinac 11,113 LOW 1 0.06 150,000 8,413 3,674
Macomb 840,978 MEDIUM 25 1.40| 2,927,000 164,162 74,869
Manistee 24,733 LOW 1 0.06 0 1,559
Marquette 67,077 LOW 4 0.22 41,000 2,299 2,054
Mason 28,705 LOW 0.00 0 2,550
Mecosta 42,798 LOW 2 0.11 50,000 2,804 3,053
Menominee 24,029 LOW 0.00 0 2,301
Midland 83,629 LOW 6 0.34 70,000 3,926 3,030
Missaukee 14,849 LOW 3 0.17 1,000 56 2,180
Monroe 152,021 MEDIUM 8 0.45 143,000 8,020 56,813
Montcalm 63,342 LOW 1 0.06 0 4,950
Montmorency 9,765 LOW 0.00 0 2,929
Muskegon 172,188 MEDIUM 1 0.06 40,000 2,243 9,257
Newaygo 48,460 LOW 1 0.06 100,000 5,609 4,850
Oakland 1,202,362 MEDIUM 39 2.19| 2,318,000 130,006 67,761
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Loss Estimation for the State of Michigan: Lightning — cont.

Notes:*2010 Census

COUNTY Population* Relative Number of Expected Historic Expected Expected
Risk D_amagmg Annual Lightning Annual Annual
Lightning Events Damage ($) Losses ($) Losses ($)-
Events: 1996- (NCDC) Smoothed
2013 (NCDC) Data
Oceana 26,570 LOW 0.00 0 4,924
Ogemaw 21,699 LOW 1 0.06 0 1,387
Ontonagon 6,780 LOW 0.00 0 1,282
Osceola 23,5628 LOW 0.00 0 2,007
Oscoda 8,640 LOW 2 0.11 0 1,947
Otsego 24,164 MEDIUM 4 0.22 503,000 28,211 5,285
Ottawa 263,801 MEDIUM 3 0.17 60,000 3,365 12,315
Presque Isle 13,376 LOW 2 0.11 4,000 224 2,782
Roscommon 24,449 LOW 2 0.11 55,000 3,085 2,316
Saginaw 200,169 MEDIUM 7 0.39 202,500 11,357 15,461
St. Clair 163,040 MEDIUM 6 0.34 28,000 1,570 55,739
St. Joseph 61,295 LOW 5 0.28 30,000 1,683 4,633
Sanilac 43,114 MEDIUM 5 0.28 145,000 8,132 35,606
Schoolcraft 8,485 LOW 0.00 0 2,002
Shiawassee 70,648 MEDIUM 6 0.34 225,000 12,619 21,886
Tuscola 55,729 MEDIUM 1 0.06 100,000 5,609 25,294
Van Buren 76,258 MEDIUM 2 0.11 200,000 11,217 9,682
Washtenaw 344,791 MEDIUM 20 1.12 1,820,000 102,075 56,990
Wayne 1,820,584 MEDIUM 20 1.12 557,000 31,239 72,781
Wexford 32,735 LOW 1 0.06 0 2,086
MI TOTAL 9,883,640 GG 291 16.32] 17,229,300 966,310 EGTEEN
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Expected Annual Losses
Lightning

Relative Risk

B 5771 - 54999 (Low)

[ ] $5,000-$199,999 (Medium)
I 5200,000 + (High)
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Loss Estimation for the State of Michigan: Snowstans

COUNTY Population* Relative Number of Expected Adjusted Expected Expected
Risk Snowstorms: Annual Historic Annual Annual
1996-2013 Events Snowstorm Losses ($) Losses ($)-
(NCDC) Damage ($) Smoothed
NCDC Data
Alcona 10,942 MEDIUM 39 2.19 3,000 168 5,353
Alger 9,601 LOW 192 10.77 11,000 617 3,804
Allegan 111,408 MEDIUM 130 7.29 25,000 1,402 9,290
Alpena 29,598 MEDIUM 55 3.08 110,000 6,169 7,581
Antrim 23,580 MEDIUM 122 6.84 250,000 14,021 27,960
Arenac 15,899 LOW 38 2.13 0 0 2,109
Baraga 8,860 MEDIUM 118 6.62 6,000 0 8,678
Barry 59,173 MEDIUM 61 3.42 25,000 1,402 21,713
Bay 107,771 MEDIUM 46 2.58 25,000 1,402 8,493
Benzie 17,525 MEDIUM 79 4.43 2,600,000 0 108,824
Berrien 156,813 LOW 83 4.66 20,000 1,122 838
Branch 45,248 MEDIUM 40 2.24 0 0 27,687
Calhoun 136,146 MEDIUM 52 2.92 2,225,000 124,790 32,820
Cass 52,293 MEDIUM 72 4.04 0 0 8,016
Charlevoix 25,949 MEDIUM 110 6.17 295,000 16,545 13,291
Cheboygan 26,152 MEDIUM 71 3.98 206,000 11,554 11,057
Chippewa 38,520 LOW 98 5.50 85,000 4,767 2,710
Clare 30,92 MEDIUM 52 2.92 300,000 16,826 9,421
Clinton 75,382 MEDIUM 40 2.24 1,025,000 57,487 26,934
Crawford 14,074 MEDIUM 66 3.70 255,000 14,302 9,817
Delta 37,069 LOW 94 5.27 75,000 4,206 4,489
Dickinson 26,16 MEDIUM 68 3.81 20,000 1,122 8,308
Eaton 107,759 MEDIUM 45 2.52 1,025,000 57,487 34,280
Emmet 32,694 MEDIUM 91 5.10 204,000 11,441 13,270
Genesee 425,790 MEDIUM 49 2.75 1,650,000 92,541 24,639
Gladwin 25,692 MEDIUM 35 1.96 0 0 5,012
Gogebic 16,427 MEDIUM 167 9.37 63,000 3,533 10,039
Gd. Traverse 86,986 MEDIUM 93 5.22 5,612,000 0 72,682
Gratiot 42,476 MEDIUM 46 2.58 25,000 1,402 15,300
Hillsdale 46,688 MEDIUM 35 1.96 0 0 33,486
Houghton 36,628 MEDIUM 44 2.47 0 0 7,291
Huron 33,118 MEDIUM 54 3.03 1,500,000 84,128 23,798
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Loss Estimation for the State of Michigan: Snowstans — cont.

COUNTY Population Relative Number of Expected Adjusted Expected Expected

* Risk Snowstorms: Annual Historic Annual Annual Losses

1996-2013 Events Snowstorm Losses ($) | ($)- Smoothed

(NCDC) Damage ($) Data
NCDC
Ingham 280,895 MEDIUM 46 2.58 1,025,000 57,487 38,639
lonia 63,905 MEDIUM 46 2.58 25,000 1,402 20,910
losco 25,887 LOW 42 2.36 0 0 3,155
Iron 11,817 MEDIUM 66 3.70 605,000 33,932 9,947
Isabella 70,311 MEDIUM 49 2.75 290,000 16,265 9,366
Jackson 160,248 MEDIUM 47 2.64 1,200,000 67,302 37,607
Kalamazoo 250,331 MEDIUM 73 4.09 25,000 1,402 15,876
Kalkaska 17,153 MEDIUM 106 5.95 290,000 16,265 23,537
Kent 602,622 MEDIUM 87 4.88 50,000 2,804 9,609
Keweenaw 2,156 LOW 160 8.97 0 0 3,483
Lake 11,539 MEDIUM 71 3.98 375,000 21,032 10,058
Lapeer 88,319 MEDIUM 46 2.58 10,000 561 18,392
Leelanau 21,708 MEDIUM 102 5.72| 13,653,000 765,732 173,576
Lenawee 99,892 MEDIUM 42 2.36 505,000 28,323 32,545
Livingston 180,967 MEDIUM 47 2.64 129,000 7,235 32,566
Luce 6,631 LOW 119 6.67 3,500 196 2,728
Mackinac 11,113 LOW 58 3.25 50,000 2,804 4,367
Macomb 840,978 MEDIUM 43 241 170,000 9,534 17,572
Manistee 24,733 MEDIUM 72 4.04 350,000 19,630 51,398
Marquette 67,077 MEDIUM 154 8.64 262,000 14,694 7,616
Mason 28,708 MEDIUM 99 5.55 0 0 7,968
Mecosta 42,798 MEDIUM 56 3.14 40,000 2,243 10,347
Menominee 24,029 MEDIUM 71 3.98 7,000 393 7,368
Midland 83,629 MEDIUM 45 2.52 0 0 7,436
Missaukee 14,849 MEDIUM 63 3.53 185,000 10,376 23,127
Monroe 152,021 MEDIUM 33 1.85 45,000 2,524 23,606
Montcalm 63,342 MEDIUM 58 3.25 30,000 1,683 11,753
Montmorency 9,76% MEDIUM 48 2.69 165,000 9,254 9,190
Muskegon 172,188 LOW 102 5.72 0 0 4,425
Newaygo 48,46() MEDIUM 69 3.87 25,000 1,402 8,258
Oakland 1,202,362 MEDIUM 49 2.75 400,000 22,434 23,911
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Loss Estimation for the State of Michigan: Snowstons — cont.

Notes:*2010 Census

COUNTY Population* Relative Number of Expected Adjusted Expected Expected
Risk Snowstorms: Annual Historic Annual Annual
1996-2013 Events Snowstorm Losses ($) Losses ($)-
(NCDC) Damage ($) Smoothed
NCDC Data
Oceana 26,570 MEDIUM 100 5.61 0 0 6,812
Ogemaw 21,699 LOW 45 2.52 50,000 2,804 4,860
Ontonagon 6,780 MEDIUM 200 11.22 16,000 897 9,271
Osceola 23,528 MEDIUM 56 3.14 510,000 28,603 11,074
Oscoda 8,640 MEDIUM 46 2.58 100,000 5,609 7,097
Otsego 24,164 MEDIUM 101 5.66 337,000 18,901 11,384
Ottawa 263,801 Low 122 6.84 250,000 14,021 3,739
Presque Isle 13,376 MEDIUM 55 3.08 258,000 14,470 9,922
Roscommon 24,449 MEDIUM 52 2.92 100,000 0 8,201
Saginaw 200,169 MEDIUM 48 2.69 25,000 1,402 14,923
St. Clair 163,040 MEDIUM 57 3.20 45,000 2,524 14,193
St. Joseph 61,295 MEDIUM 42 2.36 0 0 16,004
Sanilac 43,114 MEDIUM 59 3.31 5,000 280 18,577
Schoolcraft 8,488 LOW 19 1.07 0 0 3,006
Shiawassee 70,648 MEDIUM 39 2.19 10,000 561 25,242
Tuscola 55,729 MEDIUM 46 2.58 0 0 17,407
Van Buren 76,258 MEDIUM 111 6.23 25,000 1,402 7,303
Washtenaw 344,791 MEDIUM 45 2.52 225,000 12,619 29,199
Wayne 1,820,584 MEDIUM 38 2.13 960,000 53,842 23,689
Wexford 32,735 MEDIUM 57 3.20 283,000 15,872 42,256
MI TOTAL 9,883,640 GG 6,261  351.15] 40,798,500 2,288,194
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Expected Annual Losses

Snowstorms
ﬁ
l"‘ . bﬁ* !‘
Q

Relative Risk

B 50 - 54,999 (Low)

[ ] $5,000- $199,999 (Medium)
I 5200000 + (High)
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Loss Estimation for the State of Michigan: Ice/SleeStorms

COUNTY Population* Relative Number of Average Adjusted Expected Expected
Risk Ice/Sleet Number of Historic Annual Annual
Storms: Ice/Sleet Ice/Sleet Storms Losses ($) Losses ($)-
1996-2013 Storms per Damage ($) Smoothed
(NCDC) Year NCDC Data
Alcona 10,942 LOW 3 0.17 0 0 532
Alger 9,601 LOW 4 0.22 0 0 0
Allegan 111,408 MEDIUM 6 0.34 0 0 12,304
Alpena 29,598 LOW 2 0.11 0 0 171
Antrim 23,580 LOW 3 0.17 0 0 5
Arenac 15,899 LOwW 2 0.11 50,000 2,804 4,125
Baraga 8,86( LOW 3 0.17 0 0 0
Barry 59,173 MEDIUM 6 0.34 25,000 1,402 12,983
Bay 107,771 MEDIUM 11 0.62 0 0 13,331
Benzie 17,525 LOW 4 0.22 0 0 1,666
Berrien 156,813 LOwW 9 0.50 30,000 1,683 1,832
Branch 45,248 MEDIUM 9 0.50 0 0 7,492
Calhoun 136,146 MEDIUM 6 0.34 30,000 1,683 15,739
Cass 52,293 LOW 9 0.50 30,000 1,683 1,756
Charlevoix 25,949 LOW 3 0.17 0 0 0
Cheboygan 26,15p LOW 4 0.22 0 0 0
Chippewa 38,520 LOW 3 0.17 0 0 0
Clare 30,926 MEDIUM 4 0.22 355,000 19,910 12,691
Clinton 75,382 MEDIUM 7 0.39 330,000 18,508 26,861
Crawford 14,074 LOW 1 0.06 0 0 1,128
Delta 37,069 LOW 4 0.22 0 0 0
Dickinson 26,168 LOW 5 0.28 0 0 0
Eaton 107,759 MEDIUM 7 0.39 325,000 18,228 24,753
Emmet 32,694 LOW 4 0.22 0 0 0
Genesee 425,790 HIGH 8 0.45 110,000 6,169 652,904
Gladwin 25,6920 MEDIUM 3 0.17 60,000 3,365 9,883
Gogebic 16,427 LOW 3 0.17 0 0 0
Gd. Traverse 86,986 LOW 4 0.22 0 0 1,751
Gratiot 42,476 MEDIUM 7 0.39 1,255,000 70,387 26,292
Hillsdale 46,688 MEDIUM 9 0.50 0 0 42,961
Houghton 36,624 LOW 1 0.06 0 0 0
Huron 33,118 MEDIUM 8 0.45 25,000 1,402 48,594

669

Attachment A — Loss Estimates and Supporting Ha2axalysis Materials




Loss Estimation for the State of Michigan: Ice/SleeStorms — cont.

COUNTY Population Relative Number of Expected Adjusted Expected Expected
* Risk Ice/Sleet Annual Historic Annual Annual Losses
Storms: Events Ice/Sleet Losses ($) | ($)- Smoothed
1996-2013 Storms Damage Data
(NCDC) ($) NCDC

Ingham 280,895 MEDIUM 7 0.39 340,000 19,069 176,164
lonia 63,905 MEDIUM 8 0.45 330,000 18,508 20,780
losco 25,887 LOW 4 0.22 50,000 2,804 1,008
Iron 11,817 LOw 3 0.17 0 0 0
Isabella 70,311 MEDIUM 8 0.45 355,000 19,910 18,190
Jackson 160,248 HIGH 6 0.34 30,000 1,683 265,229
Kalamazoo 250,331 MEDIUM 6 0.34 75,000 4,206 5,226
Kalkaska 17,153 LOW 4 0.22 0 0 1,656
Kent 602,622 MEDIUM 8 0.45 1,000,000 56,085 20,668
Keweenaw 2,156 LOW 2 0.11 0 0 0
Lake 11,539 MEDIUM 1 0.06 200,000 11,217 10,235
Lapeer 88,319 HIGH 8 0.45 1,075,000 60,292 947,030
Leelanau 21,708 LOW 4 0.22 0 0 0
Lenawee 99,892 HIGH 8 0.45 2,530,000 141,896 281,235
Livingston 180,967 HIGH 7 0.39 2,310,000 129,557 606,228
Luce 6,631 LOW 5 0.28 0 0 0
Mackinac 11,113 LOW 3 0.17 0 0 0
Macomb 840,978 HIGH 8 0.45| 54,325,000 3,046,831 1,507,568
Manistee 24,733 LOW 4 0.22 0 0 4,158
Marquette 67,077 LOW 4 0.22 0 0 0
Mason 28,7083 MEDIUM 1 0.06 200,000 11,217 9,368
Mecosta 42,798 MEDIUM 8 0.45 355,000 19,910 16,916
Menominee 24,029 LOW 4 0.22 0 0 0
Midland 83,629 MEDIUM 11 0.62 0 0 16,671
Missaukee 14,849 LOW 2 0.11 0 0 4,723
Monroe 152,021 HIGH 8 0.45 4,540,000 254,627 810,108
Montcalm 63,342 MEDIUM 8 0.45 200,000 11,217 21,955
Montmorency 9,765 LOW 3 0.17 0 0 111
Muskegon 172,188 MEDIUM 6 0.34 200,000 11,217 17,769
Newaygo 48,460 MEDIUM 2 0.11 200,000 11,217 15,588
Oakland 1,202,362 HIGH 8 0.45| 104,452,000 5,858,216 1,336,891
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Loss Estimation for the State of Michigan: Ice/SleeStorms — cont.

Notes:*2010 Census

COUNTY Population* Relative Number of Expected ~ Adjusted Expected Expected
Risk Ice/Sleet Annual Historic Ice/Sleet Annual Annual
Storms: Events Storms Damage Losses ($) Losses ($)-
1996-2013 ($) NCDC Smoothed
(NCDC) Data
Oceana 26,570 MEDIUM 2 0.11 200,000 0 12,882
Ogemaw 21,699 LOW 3 0.17 5,000 280 1,725
Ontonagon 6,780 LOW 3 0.17 0 0 0
Osceola 23,528 MEDIUM 4 0.22 455,000 25,519 12,558
Oscoda 8,640 LOW 2 0.11 0 0 685
Otsego 24,164 LOW 3 0.17 0 0 47
Ottawa 263,801 MEDIUM 8 0.45 500,000 28,043 19,387
Presque Isle 13,376 LOW 4 0.22 0 0 0
Roscommon 24,449 LOW 3 0.17 0 0 3,377
Saginaw 200,169 MEDIUM 12 0.67 1,010,000 56,646 144,685
St. Clair 163,040 HIGH 8 0.45 10,100,000 566,461| 1,092,605
St. Joseph 61,295 LOW 10 0.56 30,000 1,683 2,053
Sanilac 43,114 HIGH 7 0.39 30,000 1,683 485,513
Schoolcraft 8,485 LOW 4 0.22 0 0 0
Shiawassee 70,648 HIGH 8 0.45 0 0 271,367
Tuscola 55,729 HIGH 9 0.50 20,000 1,122 344,534
Van Buren 76,258 LOW 6 0.34 25,000 1,402 3,995
Washtenaw 344,791 HIGH 7 0.39 3,400,000 190,690 793,889
Wayne 1,820,584 HIGH 8 0.45 5,000,000 280, 426 1,290,511
Wexford 32,735 3 0.17 0 4,669
MI TOTAL 9,883 640_ 294 16.49] 196,167,000 11,002 075_
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Expected Annual Losses
Ice / Sleet

Relative Risk

I s0 54999
[ ] $5000-$199,999

I 5200,000 - $1,507 568
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Loss Estimation for the State of Michigan: Wildfires

COUNTY Population* Relative Number of Expected Adjusted Expected Expected

Risk Wildfires: Annual H_istc_)ric Annual Annual Losses

1996-2013 Events Wildfires Losses ($) | ($)- Smoothed

(NCDC) Damage ($) Data
NCDC
Alcona 10,942 MEDIUM 0.00 0.00 0 10,745
Alger 9,601| MEDIUM 0.00 0.00 0 117,684
Allegan 111,408 LOW 0.00 0.00 0 0
Alpena 29,598 MEDIUM 0.00 0.00 0 8,353
Antrim 23,580 MEDIUM 0.00 0.00 0 9,857
Arenac 15,899 LOW 0.00 0.00 0 4,631
Baraga 8,860 MEDIUM 2 0.11 0.05 2,804 45,629
Barry 59,173 LOW 0.00 0.00 0 0
Bay 107,771 LOwW 0.00 0.00 0 75
Benzie 17,525 LOW 0.00 0.00 0 351
Berrien 156,813 LOW 0.00 0.00 0 0
Branch 45,248 LOW 0.00 0.00 0 0
Calhoun 136,146 LOW 0.00 0.00 0 0
Cass 52,293 LOW 0.00 0.00 0 0
Charlevoix 25,949 MEDIUM 0.00 0.00 0 6,403
Cheboygan 26,152 MEDIUM 0.00 0.00 0 23,775
Chippewa 38,520 MEDIUM 0.00 0.00 0 165,065
Clare 30,926 LOW 0.00 0.00 0 3,505
Clinton 75,382 LOW 0.00 0.00 0 0
Crawford 14,074 MEDIUM 2 0.11 1.58 88,334 14,543
Delta 37,069 MEDIUM 0.00 0.00 0 107,516
Dickinson 26,168 MEDIUM 0.00 0.00 0 66,367
Eaton 107,759 LOW 0.00 0.00 0 0
Emmet 32,694 LOW 0.00 0.00 0 0
Genesee 425,790 LOW 0.00 0.00 0 46
Gladwin 25,692 LOW 0.00 0.00 0 4,013
Gogebic 16,427 MEDIUM 0.00 0.00 0 16,174
Gd. Traverse 86,986 MEDIUM 0.00 0.00 0 5,185
Gratiot 42,476 LOW 0.00 0.00 0 0
Hillsdale 46,688 LOW 0.00 0.00 0 0
Houghton 36,628 MEDIUM 0.00 0.00 0 26,799
Huron 33,118 LOW 0.00 25,000 1,402 0
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Loss Estimation for the State of Michigan

: Wildfires — cont.

COUNTY Population* Relative Nu_mt_)er of Expected quustgd Expected Expected

Risk Wildfires: Annual H_|stc_)r|c Annual Annual Losses

1996-2013 Events Wildfires Losses ($) ($)- Smoothed

(NCDC) Damage ($) Data
NCDC
Ingham 280,895 LOW 0.00 0.00 0 0
lonia 63,905 LOW 0.00 0.00 0 0
losco 25,887 MEDIUM 1 0.06 0.04 2,243 8,588
Iron 11,817 MEDIUM 0.00 0.00 0 38,104
Isabella 70,311 LOW 0.00 0.00 0 0
Jackson 160,248 LOW 0.00 0.00 0 0
Kalamazoo 250,331 LOW 0.00 0.00 0 0
Kalkaska 17,153 MEDIUM 1 0.06 0.13 7,011 11,008
Kent 602,622 LOW 0.00 0.00 0 0
Keweenaw 2,156 LOW 0.00 0.00 0 280
Lake 11,539 LOW 0.00 0.00 0 110
Lapeer 88,319 LOW 0.00 0.00 0 118
Leelanau 21,708 LOW 0.00 0.00 0 292
Lenawee 99,892 LOW 0.00 0.00 0 0
Livingston 180,967 LOW 0.00 0.00 0 23
Luce 6,631 MEDIUM 2 0.11 12.04 675,266 166,534
Mackinac 11,113 MEDIUM 0.00 0.00 0 126,050
Macomb 840,978 LOW 2 0.11 0.02 1,122 210
Manistee 24,733 LOW 0.00 0.00 0 292
Marquette 67,077 MEDIUM 7 0.39 6.01 336,848 88,596
Mason 28,708 LOW 0.00 0.00 0 0
Mecosta 42,798 LOW 0.00 0.00 0 0
Menominee 24,029 MEDIUM 0.00 0.00 0 71,079
Midland 83,629 LOW 0.00 0.00 0 0
Missaukee 14,849 MEDIUM 0.00 0.00 0 7,006
Monroe 152,021 LOW 0.00 0.00 0 56
Montcalm 63,342 LOW 0.00 0.00 0 0
Montmorency 9,765 MEDIUM 0.00 0.00 0 9,028
Muskegon 172,188 LOW 0.00 0.00 0 0
Newaygo 48,460 LOW 0.00 0.00 0 0
Oakland 1,202,362 LOW 0.00 0.00 0 110
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Loss Estimation for the State of Michigan: Wildfires — cont.

Notes:*2010 Census

COUNTY Population* Relative Number of Expected Adjusted Expected Expected
Risk Wildfires: Annual H]stquc Annual Annual
1996-2013 Events Wildfires Losses ($) Losses ($)-
(NCDC) Damage ($) Smoothed
NCDC Data
Oceana 26,570 LOW 0.00 0.00 0 0
Ogemaw 21,699 MEDIUM 0.00 0.00 0 9,175
Ontonagon 6,780 MEDIUM 1 0.06 0.00 0 12,271
Osceola 23,528 LOW 0.00 0.00 0 1,599
Oscoda 8,640 MEDIUM 2 0.11 0.60 33,651 12,339
Otsego 24,164 MEDIUM 0.00 0.00 0 10,915
Ottawa 263,801 LOW 0.00 0.00 0 0
Presque Isle 13,376 MEDIUM 0.00 0.00 0 5,495
Roscommon 24,449 MEDIUM 1 0.06 0.00 0 10,453
Saginaw 200,169 LOW 0.00 0.00 0 0
St. Clair 163,040 LOW 0.00 0.00 0 166
St. Joseph 61,295 LOW 0.00 0.00 0 0
Sanilac 43,114 LOW 0.00 0.00 0 88
Schoolcraft 8,485 MEDIUM 0.00 0.00 0 134,990
Shiawassee 70,648 LOW 0.00 0.00 0 0
Tuscola 55,729 LOW 1 0.06 0.00 0 23
Van Buren 76,258 LOW 0.00 0.00 0 0
Washtenaw 344,791 LOW 0.00 0.00 0 55
Wayne 1,820,584 LOW 0.00 0.00 0 122
Wexford 32,735 LOW 0.00 0.00 0 3,199
MI TOTAL 9,883,640 EGGEGEIN 23 1.29 20.46] 1,147,280 EGEGEIR
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Expected Annual Losses
Wildfire

Relative Risk

I 50 -54.999 (Low)

[ ] $5,000- $199,999 (Medium)
I 5200000 + (High)
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Extreme Cold Temperatures for the State of MichiganRisk / Probability of Occurrence

COUNTY Population* Relative Risk Date of Record Cold Record Colq Number of I:o)ays Probability of
Temperature Temperature °F Annually < 0° F** Occurrence (%)
Alcona 10,942 MEDIUM 12/28/1971 -28 134 37
Alger 9,601 HIGH 71711936 -33 20.f 5]7
Allegan 111,408 LOW 2/10/1912 -2p 9l6 26
Alpena 29,598 HIGH 2/17/1979 -3 19/6 5.4
Antrim 23,580 HIGH 2/17/1979 -4] 19 52
Arenac 15,899 MEDIUM 2/1/1994 -28 18)8 5/1
Baraga 8,860 HIGH 2/17/197p -40 38.4 10.5
Barry 59,173 MEDIUM 1/4/1896 -4( 1.y 32
Bay 107,771 LOW 1/19/1994 -18 617 18
Benzie 17,525 LOW 2/11/1889 -3p 3l6 1.0
Berrien 156,813 LOW 1/12/1918 21 4|7 13
Branch 45,248 MEDIUM 1/4/1981 -28 10 2|7
Calhoun 136,146 LOW 2/12/1899 -J4 g3 2.3
Cass 52,293 LOW 2/7/1197B -23 8l9 2.4
Charlevoix 25,949 MEDIUM 2/17/1979 -3b 184 50
Cheboygan 26,151 HIGH 2/9/1934 -35 20.9 5.7
Chippewa 38,520 HIGH 2/8/193% -37 317 8.7
Clare 30,926 HIGH 2/20/1929 -3p 21/6 5.9
Clinton 75,382 LOW 2/2/189% -4% ol 2l6
Crawford 14,074 HIGH 2/17/1979 -4p 306 g4
Delta 37,069 HIGH 2/17/1979 -3p 229 6.3
Dickinson 26,168 HIGH 2/3/1199 -45 37[7 10.3
Eaton 107,759 MEDIUM 2/10/191 3L 13[5 37
Emmet 32,694 MEDIUM 2/9/1934 -36 1007 2l9
Genesee 425,790 MEDIUM 2/14/1916 -28 10.5 p.9
Gladwin 25,692 MEDIUM 2/20/1924 -39 18p 5|2
Gogebic 16,427 HIGH 1/17/198p 41 443 12.1
Gd Traverse 86,984 MEDIUM 2/117/1979 -37 11 3.0
Gratiot 42,476 MEDIUM 2/5/1918 -24 101 2/8
Hillsdale 46,688 MEDIUM 2/11/1913 25 126 3l4
Houghton 36,628 MEDIUM 2141199 -28 18 419
Huron 33,118 LOW 1/30/1951 28 ol 2l6
Ingham 280,895 MEDIUM 1/4/1981 20 131 36
lonia 63,905 MEDIUM 1/15/1963 -28 104 2/8
losco 25,887 MEDIUM 477/1904 -34 168 4l5
Iron 11,817 HIGH 211711974 -4% 551 15|11
Isabella 70,311 LOW 2/5/1918 -30 9l9 27
Jackson 160,244 LOW 2/10/1912 31 9.4 .6
Kalamazoo 250,331 LOW 2/10/1912 -22 53 15
Kalkaska 17,153 HIGH 2/14/11996 34 41 57
Kent 602,622 LOW 2/13/1899 24 719 22
Keweenaw 2,154 MEDIUM 3/6/2008 2B 134 37
Lake 11,539 HIGH 2/11/1999 -49 213 5.8
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Extreme Cold Temperatures for the State of MichiganRisk / Probability of Occurrence — cont.

COUNTY Population* Relative Risk Date of Record Cold Record Colci Number of Ilo)ays Probability of
Temperature Temperature °F Annually < 0° F** Occurrence (%)

Lapeer 88,319 MEDIUM 1/11/1984 -2p 11]5 31
Leelanau 21,708 LOW 2/17/1979 -24 85 2.3
Lenawee 99,892 MEDIUM 1/20/199p -26 102 2.8
Livingston 180,967 MEDIUM 1/19/1994 -28 113 31
Luce 6,631 HIGH 2/7/1899 -32 245 6|7
Mackinac 11,113 MEDIUM 2/16/1987 20 13[9 38
Macomb 840,978 LOW 2/10/191p -24 36 1.0
Manistee 24,733 LOW 2/11/1899 -38 46 13
Marguette 67,077 HIGH 2/17/1979 34 35.2 9.6
Mason 28,705 LOW 2/11/1899 -38 5|6 15
Mecosta 42,798 MEDIUM 2/11/189%8 -36 15]7 43
Menominee 24,029 HIGH 2/3/11996 -45 36.3 9.9
Midland 83,629 LOW 1/19/1994 -19 76 21
Missaukee 14,844 HIGH 1/30/1951 -37 24.5 5.7
Monroe 152,021 LOW 2/5/1918 21 5 14
Montcalm 63,342 MEDIUM 1/19/1994 26 115 31
Montmorency 9,765 HIGH 2/9/1934 -46 25[2 8.9
Muskegon 172,188 LOW 2/11/1899 -30 41 11
Newaygo 48,460 MEDIUM 2/1/1918 -3y 132 36
Oakland 1,202,362 LOW 2/5/1918 -22 6 16
Oceana 26,570 LOW 2/11/1899 -35 13 2.0
Ogemaw 21,699 HIGH 2/10/191p -36 231 6.3
Ontonagon 6,780 HIGH 2/17/1979 -42 28 1.7
Osceola 23,528 HIGH 1/15/1963 -30 24.2 6.6
Oscoda 8,640 HIGH 2/1/191B 47 248 4.8
Otsego 24,164 MEDIUM 2/9/1934 -5 19[7 5.4
Ottawa 263,801 LOW 2/22/193p -18 23 0.6
Presque Isle 13,376 MEDIUM 2/18/19719 37 15.4 h.2
Roscommon 24,444 HIGH 3/3/1943 -43 20.8 5.7
Saginaw 200,169 LOW 2/5/1918 -23 7.6 2.1
Sanilac 163,040 LOW 1/23/1949 -1 g9 2.4
Schoolcraft 61,295 HIGH 1/20/199% -23 25.4 7.0
Shiawassee 43,114 MEDIUM 2/23/19%5 -1 11.6 3.2
St. Clair 8,485 LOW 2/4/197 -38 53 1|5
St. Joseph 70,648 LOW 2/5/1918 -26 8.7 .4
Tuscola 55,729 MEDIUM 2/9/1934 -3p 12[8 35
Van Buren 76,258 LOW 2/11/1899 -2 26 Q.7
Washtenaw 344,791 LOW 2/5/1918 -25 89 1.6
Wayne 1,820,584 LOW 2/20/1929 -24 23 0.6
Wexford 32,735 HIGH 1/30/1951 -48 22]9 6.3
AVERAGE: -31.6 15.7 4.2

Notes:*2010 Census; **Days recorded from 1971-2001.
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Extreme Hot Temperatures for the State of Michigan:Risk / Probability of Occurrence

COUNTY Population* Relative Risk Date of Record Hot Record Hoto Number of Doays Probability of
Temperature Temperature °F | Annually > 90° F** Occurrence (%)
Alcona 10,942 Low 8/13/191 107 3[8 1.0
Alger 9,601 LOW 7/7/1936 10 3.1 o8
Allegan 111,408 HIGH 7/29/1916 106 9|6 26
Alpena 29,598 MEDIUM 7/13/193¢ 106 62 17
Antrim 23,580 MEDIUM 7/13/1936 103 6.8 17
Arenac 15,899 MEDIUM 6/20/199% 10p 6[9 19
Baraga 8,860 LOW 6/27/197L 96 116 g4
Barry 59,173 HIGH 7/14/193¢ 10p 10]0 27
Bay 107,771 MEDIUM 6/20/199" 101 86 2l4
Benzie 17,525 LOW 8/19/19556 95 0[9 g2
Berrien 156,813 HIGH 6/1/1934 104 11]9 33
Branch 45,248 MEDIUM 7/24/1934 108 8l5 23
Calhoun 136,146 HIGH 7/14/193p 104 9.2 25
Cass 52,293 HIGH 6/20/1953 103 1.7 5
Charlevoix 25,949 MEDIUM 8/18/1955 10p 8l9 24
Cheboygan 26,153 LOW 8/6/1947 104 37 D.7
Chippewa 38,52 LOW 8/5/194)7 98 1|3 q.4
Clare 30,926 HIGH 7/13/1936 105 109 3.0
Clinton 75,382 HIGH 8/6/19417 102 113 31
Crawford 14,074 MEDIUM 7/11/193¢ 104 66 1|8
Delta 37,069 LOW 8/21/1955 10p 0l6 0.2
Dickinson 26,168 LOW 7/13/1936 104 1|9 0.5
Eaton 107,759 MEDIUM 7/14/1936 106 715 21
Emmet 32,694 LOW 8/21/1956 99 2/0 0.5
Genesee 425,79p MEDIUM 7/8/1936 108 7.3 2.0
Gladwin 25,692 HIGH 7/13/193 105 109 30
Gogebic 16,427 LOW 7/13/193p 143 5.7 16
Gd Traverse 86,98( MEDIUM 7/7/1936 105 g.8 24
Gratiot 42,476 HIGH 7/14/193¢ 108 12]0 33
Hillsdale 46,688 MEDIUM 7/14/1936 107 74 2lo
Houghton 36,628 LOW 7/7/1988 102 23 g.6
Huron 33,118 MEDIUM 7/8/1936 103 7p 1)9
Ingham 280,895 HIGH 7/6/1988 1do 91 45
lonia 63,905 HIGH 7/6/1988 108 12J8 35
losco 25,887 LOW 7/8/193¢ 106 4]3 12
Iron 11,817 LOW 6/30/1963 99 a4 1}2
Isabella 70,311 MEDIUM 8/6/191 108 8l8 24
Jackson 160,244 HIGH 7/14/1936 105 10.3 0.8
Kalamazoo 250,331 HIGH 7/13/1936 109 16.3 4.5
Kalkaska 17,153 LOW 7/15/1996 96 23 g.6
Kent 602,622 HIGH 6/20/195 10p 9l6 26
Keweenaw 2,156 LOW 7/7/198B 99 14 q.4
Lake 11,539 MEDIUM 7/13/1936 111 72 2lo
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Extreme Hot Temperatures for the State of Michigan:Risk / Probability of Occurrence — cont.

COUNTY Population* Relative Risk Date of Record Hot Record Hoto Number of Doays Probability of
Temperature Temperature °F | Annually > 90° F** Occurrence (%)

Lapeer 88,319 MEDIUM 6/26/1988 100 8|8 24
Leelanau 21,708 MEDIUM 7/14/1995 102 7.2 2.0
Lenawee 99,893 HIGH 7/24/1934 108 11.7 3.2
Livingston 180,967 MEDIUM 7/24/11934 104 613 17
Luce 6,631 LOW 7/13/193¢ 108 12 03
Mackinac 11,113 LOwW 8/4/1985 9B o1 0.0
Macomb 840,978 MEDIUM 7/5/1911 106 8l6 24
Manistee 24,733 LOwW 8/5/194F 1do 33 Q.9
Marquette 67,077 LOW 7/19/1977 104 38 1.0
Mason 28,705 LOwW 8/2/1988 9p 3J7 1.0
Mecosta 42,799 MEDIUM 7/30/1916 103 716 41
Menominee 24,029 LOW 7/26/1955 101 8.3 15
Midland 83,629 HIGH 7/5/191] 107 12J6 34
Missaukee 14,844 LOW 7/11/1936 106 41 1.1
Monroe 152,021 HIGH 6/26/1988 106 194 8.3
Montcalm 63,342 HIGH 7/13/193 108 11f1 3.0
Montmorency 9,765 MEDIUM 7/13/193p 104 6l4 1.8
Muskegon 172,188 LOW 7/30/1913 99 21 0.6
Newaygo 48,460 MEDIUM 7/13/193 111 5[2 1.4
Oakland 1,202,367 HIGH 7/5/191]1 104 10.6 2.9
Oceana 26,570 LOW 7/4/191]1 104 4.9 8
Ogemaw 21,699 MEDIUM 7/13/193p 107 65 18
Ontonagon 6,78( LOW 7/7/1988 101 45 1.2
Osceola 23,528 MEDIUM 8/21/1955 1do 6l.5 18
Oscoda 8,640 MEDIUM 7/13/193p 112 719 32
Otsego 24,164 LOW 7/1/2001 101 46 13
Ottawa 263,801 LOwW 6/20/1953 1do 19 Q.5
Presque Isle 13,376 LOW 7/8/1988 1p0 4.2 1.1
Roscommon 24,444 LOW 6/19/1995 103 35 1.0
Saginaw 200,169 MEDIUM 7/13/193p 111 8.9 24
Sanilac 163,040 MEDIUM 7/15/197f 103 713 4.0
Schoolcraft 61,295 Low 7/21/1934 107 3 Q.1
Shiawassee 43,114 MEDIUM 7/24/11934 1p5 8 p.2
St. Clair 8,485 HIGH 7/9/1934 108 10]2 28
St. Joseph 70,648 HIGH 9/18/1995 1p0 18.7 3.7
Tuscola 55,729 HIGH 7/13/193p 108 124 34
Van Buren 76,258 HIGH 7/5/1911 105 112 3.1
Washtenaw 344,791 HIGH 7/24/11934 107 ).7 p.7
Wayne 1,820,584 HIGH 7/20/1930D 104 11.8 3.2
Wexford 32,735 LOW 7/13/1936 104 2]9 0.8
AVERAGE: 103.9 7.0 1.91]

Notes:*2010 Census; **Days recorded from 1971-2001.
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General Natural Hazard Vulnerability: Lifelines* (u tility and transportation infrastructure)

LIFELINE Component Primary Flood Wind Earthquake Winter Extreme Land
Ownership Vulnerability | Vulnerability | Vulnerability Storm_ ' Tempera_tl'Jre Subside_npe
Vulnerability | Vulnerability | Vulnerability
(snow / ice) (heat / cold)

Oil Products Systems:| Buried Pipelines Private . . .
Above Ground Pipelines Private . . .
Pumping Stations Private . . .
Well Facilities Private .
Refineries Private . . .
Storage Tanks Private . . .

Natural Gas Systems: | Buried Pipelines Private . . .
Above Ground Pipelines Private . . .
Compressor Stations Private . .
Well Facilities Private .
Liquid Natural Gas Storage Private . . . .

Water Systems: Buried Pipelines Local . . . .
Above Ground Pipelines Local . . . .
Pumping Stations Local . . . . .
Treatment Plants Local . . . . . .
Storage Tanks Local . . . . . .

Wastewater Systems: | Buried Pipelines Local . . . .
Above Ground Pipelines Local . . . .
Pumping Stations Local . . . . .
Treatment Plants Local . . . . . .
Storage Basins Local . . . . . .

Storm Drainage: Buried Pipelines Local . . . .
Open Channels Local . . . . .
Catch Basins / Outflows Local . . . .
Storage Basins Private / Local . R . . .

Electric Power Systems:| Substations Private / Local N N o o o
Transmission Towers / PolgsPrivate / Local . . . . .
Distribution Poles Private / Local N . o o R
Buried Cables Private / Local . . R R R
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General Natural Hazard Vulnerability: Lifelines* (u tility and transportation infrastructure) — cont.

LIFELINE Component Primary FIood_ _ Wind_ _ Earthqus_il_(e Winter Extreme La_nd
Ownership Vulnerability | Vulnerability | Vulnerability Storm Temperature Sub5|de_n_ce
Vulnerability | Vulnerability | Vulnerability
(snow / ice) (heat / cold)
Telecommunications: | Towers / Masts / Poles Private . . . . .
Buried Cables Private . . .
Underwater Cables Private .
Above Ground Cables Private . . . . .
Switching Equipment Private . . . . .
Highways and Roads: | Bridges Local / State . . .
Embankments Local / State . . . .
Road Beds Local / State . . . . .
Culverts Local / State . . . .
Tunnels Local / State . . .
Signs / Signals Local / State . . . . . .

Ports / Inland Waterways:

Breakwaters / Jetties

Local / State

Sea Walls

Local / State

Container Handling Private . . .
Cargo Movement Facilities Private . . .
Marine Oil Terminals Private . . . .
Railroads: Bridges Private . . . .
Embankments Private . . . .
Rails / Ties / Ballast Private . . . . .
Culverts Private . . . .
Signs / Signals Private . . . . . .
Airports: Terminal Buildings Local . . . . .
Aircraft Hangars Local / Private . . . . .
Runways / Taxiways Local . . . . .
Lights / Signs / Signals Local . . . . . .
Access Roads / Parking Areas| Local . . . . .

Notes:*Based on the American Lifelines Alliance 2003 dviidhigan disaster events.
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Loss Estimation Tables for State Critical Facilities

NOTE: Actual information about facility names, addresses, etc. are withheld from public versions of ifidocument.
They are only available for access to authorized pgons.

INTRODUCTORY TEXT SECTIONS:

General Loss Estimation for Natural Hazards

Methods for Broadly Analyzing Impacts of Specific Mitural Hazards

State Owned/Operated Critical Facility Loss Estimaiton for Location Specific Natural Hazards
State Owned/Operated Critical Facility Loss Estimaion for Non-Location Specific Natural Hazards

LOSS ESTIMATION AND RELATED TABLES:

General Hazard Vulnerability of State Owned/Opeated Critical Facilities Addressed in this Plan
State Owned/Operated Critical Facilities — Wildires

State Owned/Operated Critical Facilities — Floonhg

State Owned/Operated Critical Facilities — LandSubsidence

State Owned/Operated Critical Facilities — Eartlgquake

State Owned/Operated Critical Facilities — Dam &ilure Area

General Natural Hazard Vulnerability: Lifelines (utility and transportation infrastructure)

NookwbE
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State Owned/Operated Critical Facility Loss Estimaion for Significant Natural Hazards

GENERAL METHODOLOGY

In late 2013, the Michigan Department of Technologyanagement, and Budget had provided its latesofi state facilities for analysis in this plafhese included state
owned facilities as well as leased facilities, teosstituting the best available list of state otpperated facilities and infrastructure. This ligas analyzed in its entirety
during early 2014, using the following procedufighere were 538 facilities (26 more than had beeyaed in the previous plan), although 6 of theseewocated outside fo
the state. The value of each facility was alrepoyided by MDTMB for the list of state-owned fatids, but needed to be estimated for the listtafesleased facilities.
Square-footage information was available for tlst dif state-leased facilities, and information abthe type of facility use was available for theienlist. Using this
information, along with the online RSMeans calontatvhich provided a per-square-foot value for epobperty type, the total values of each state-tdaeility were
calculated.

The available list of RSMeans building types hatiéamatched up with the closest corresponding Hatkties use classifications. The following Elshows what RSMeans
categories were selected to represent the staliéyfase classifications:

State Facility Use Classification Selected RSMeamaiilding Type Classification
Hospital Hospital, 2-3 story
Laboratory College laboratory
Mechanic Shop Garage, repair
Mixed Use Store, Department, 2-story
Office Building Office, 2-4 story
Retail Store, retail
Training College, classroom
Warehouse Warehouse
(Parking, Other) (No structures; not assessed)

The categories were selected so that the averagesth facility type would represent the averdgaracteristics of each classification type, betw#entwo sources. For
most facilities, state facility building data wdsigged directly into the RSMeans tool to produaivildual results. For the office building classétion (the majority of state
facilities), an average of $359 per square foot wssl—a calculated representation of the centndietecy in the RSMeans data, after testing sevassscat both extremes of
the floor area range across state facilities, ab\hriation in the square footage of structuresostt ends of the range would approximately balandeacross the hundreds of
office facilities. The RSMeans results are base® quarter 2012 national average costs fortift of construction (not location-specific result§he values assume
union wage labor and construction with no basemeRiSMeans offers three estimation ranges— low,inmedand high, and the values chosen were alwagysrbdium
result (including architectural fees, contractoedead, and contractor profit). The result wassim®red to be an appropriate estimate of the repiaat costs of current
facilities.

Next, the list of facilities (in a spreadsheet) wgasted by location according to county. Althouwit included in public versions of this documehg facilities list includes
lat/long, address, city, and county location infation, which state department controls the fagilitglassification and/or description of each facd use, its square footage,
and its total value. Added to this spreadsheeewelumns representing the results of the coursty &ssessments in this Attachment and the maimchamalysis sections of
this document. Cells of the spreadsheet were ptguiwith formulas that took the annual expectedadpes from each significant natural hazard, in eacimty, and divided
it by the total assessed property values withim toainty, to produce a ratio that represents theted damages per unit-value of assessed prop€hty.county property
assessment information was obtained friottp://www.michigan.gov/treasury/0,1607,7-121-17%228 21957 45818---,00.htmh Michigan Department of Treasury web
site. In order to best match the kind of damadermation reported in the NCDC records, all typépmperty (including building contents) were indad in the collected
assessment data. A ratio of the county’s averagaa damages by hazard, compared with the toselsaed property value in that county, resultedvialae for each county
that represented the average damage from eachdhpeamproperty valuation. This provided the neaghslink to estimate the expected losses to estale facility in
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Michigan’s numerous counties. The derived ratibicly was in effect an average percentage of prppaities in each county that is annually lost tohdaazard, was applied
as a factor to the full list of state facility pey values, resulting in multiple columns that\pde estimated annual losses to each facility, &gahd type. Note that the
described factor does vary throughout the stategrding to each facility’s county of location. Thesults were considered far more sophisticatedvafid than those

obtained from methods used in any of the previalisoas of this plan. By totaling all hazards fach facility, a combined estimate of damages fatiraignificant natural

hazards was also produced, and in addition, byinigtthe columns for each hazard and all hazamgaicts within the spreadsheet, total expected &thosges for all state
facilities, by hazard as well as in total, wereoatsoduced. (As explained under the county losessnents, and for the same reasons, assessmeataotvenade for

Michigan’s least-damaging natural hazards [asdigieeviously], because of a dearth of validly gafieable data and too-short of an historical timenfe over which

analytically usable data is currently available.)

GENERAL FINDINGS

The results of the loss estimation procedure fidiaallities are presented in the following list:

1. State facility annual expected losses from flooding $200,363
2. State facility annual expected losses from sevéndsv $114,793
3. State facility annual expected losses from tornadoe $106,577
4. State facility annual expected losses from hail 9%5032
5. State facility annual expected losses from icef semms $ 43,915
6. State facility annual expected losses from snowrssor $ 8,401
7. State facility annual expected losses from wildfire $ 7,406
8. State facility annual expected losses from lighgnin $ 4,427

Total state facility annual expected losses fronsighificant natural hazards: $584,912. On tfesie, these values all seem quite realistic, althdbe flood hazard needed to
be assessed in an additional manner, since thepplication of county-wide trends to a limited nwamlof specific sites was considered less accucatthfit hazard than the
application of county-wide trends to the generaather hazards. The most significant hazards ih eacnty, and the most at-risk counties for eactatth(as described
previously) parallel the loss estimates for staigilifies and infrastructure located in each coufly multi-county risk regions) in the state. Bwith flooding, there are
specific floodplain locations identified, and thesere able to be compared with state facility laoe, using Geographic Information Systems, forapproximately one-half
of the Michigan Counties for which digital Floodslrance Rate Maps (dFIRMs) were available. (Seertips in the riverine flood section of the maidyoof this plan, for
more details.) The resulting geographic analydgsiified 11 state facilities that appeared to hewme level of flood risk. Although only two fati#s fell squarely within
the floodplains, it was considered a bit more stiglito assess flood risks by slightly expanding #nalytic routine to include an additional 200tfeearch radius.
(Topographic analysis was not a readily availabéeimanism to use for this procedure, although iukhbe considered as an additional factor in sulbseiganalyses for
future editions of this plan. Given that dFIRM @atas not yet available for the entire state, aenommplex analysis of available data might havetdetfalse precision”
when it comes to the full assessment of all faedit In this sense, the $200,363 figure provideava might indeed be more reflective in certain svaf/actual flood risks,
since it is based upon as assessment of all catintiichigan.)

As briefly described in the text box on page 64is second method of flood analysis made use ofnmdtion from a FEMA flood damage estimation tabking the category
of less than ¥ foot of surface flooding (2 or méget in any basement) and the 2 story no basenaegary, to better translate the resilience ofestatilities from the
original weaker structures the FEMA table had be@duced to represent (i.e. the inclusion and coispa of various residential structures, includingbile homes; whereas
the durability of state facilities would be expetten average to be greater than such residendd®).result was to use an estimated damage amom¥b aff replacement
value per flood event. Because of the more sicanifi value of structure contents in state facfjtilowever, than the FEMA residential baseline jiex in the table, the
estimated total losses were doubled, to 10% ofthecture’s replacement value. The probabilitflobding was represented as 1% chance per yedowioly the typical
definition of a floodplain. The result was to fititht the 11 structures, which had a total valugldf4,251,137, would have annual expected loss$$16f,251 from the flood
hazard. There may be additional facilities inflbedplains outside of those areas for which dFIRMse available, however it does appear that bathoas of analysis are
corresponding with each other, and the estimat@® $20 annual loss estimate from flooding (foundva) is likely to be accurate, after all.
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NOTE: Publicly available versions of this documentlo not include pages 687-706, in order to presentkee
confidentiality of certain information regarding Mi chigan’s critical facilities so that it is not mistsed. This
information may be examined by authorized personnebnly.
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